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(57)Abstract: 

PURPOSE: To provide a film transistor which has 
property equivalent to one using single-crystal silicon. 
CONSTITUTION: A base film 102 is made on a glass 
substrate 101, and thereon, an amorphous silicon film 
103 is made. Here, a nickel film 104 is made, and 
heating is performed, thus the amorphous silicon film 
103 is crystallized by the action of nickel element. Then, 
patterning is performed to make seed crystals 106 and 
107. Furthermore, an amorphous silicon film 108 is 
grown to cover the seed crystal, and by heat treatment, 
the crystal growth from that seed crystal is made. This 
way, the region equivalent to single-crystal silicon can be 
made around the seed crystal. And, by constituting a film 
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transistor with this region as an active layer, a film transistor, which has properties equivalent 
to the case where single crystal silicon is used, can be obtained. 
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* NOTICES * 

JPO and INPXT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The process which forms the 1st semi-conductor film on the substrate which has an insulating 
front face, the process which crystallizes said 1st semi-conductor film by giving energy, and by 
performing patterning to said 1st semi-conductor film The process which forms the field used as seed 
crystal, and the process which makes the predetermined crystal face remain selectively in said seed 
crystal by performing etching. The production approach of the process which covers said seed crystal 
and forms the 2nd semi-conductor film, and the semi-conductor characterized by having a ****** 
process for the crystal growth from said seed crystal in said 2nd semi-conductor film by giving energy. 
[Claim 2] The production approach of the semi-conductor characterized by the 1st and 2nd semi- 
conductor film being silicon film in claim 1. 

[Claim 3] The production approach of the semi-conductor characterized by the 1st and 2nd semi- 
conductor film being amorphous silicon film in claim 1. 

[Claim 4] The production approach of the semiconductor device characterized by being chosen out of 
heating, the exposure of laser light, and the exposure of strong light, and using that it is simultaneous or 
gradually one sort or two or more Wnds of approaches as how to give energy in claim 1 . 

[Claim 5] The production approach of the semi-conductor characterized by performing laser light while 
heating to the field used as seed crystal in claim 1, or the exposure of strong light. 

[Claim 6] It is the production approach of the semi-conductor characterized by performing 
crystallization by giving energy in the condition of the 1st semi-conductor film being silicon film, and 
the metallic element which promotes crystallization of silicon on this silicon film having touched in 
claim 1 , and having been held. 

[Claim 7] TheT>roduction ^roach of die semi-conductor characterized by using nickel in claim 1 as a 
metallic element which promotes crystallization of silicon. 

[Claim 8] The production approach of the semi-conductor characterized by using a kind or two or more 
kinds of elements which were chosen from Fe, Co, nickel, Ru, Rh, Pd, Os, Ir, Pt, Cu, and Au in claim 1 
as a metallic element which promotes crystallization of silicon. 

[Claim 9] The production approach of the semi-conductor characterized by using a glass substrate as a 
substrate in claim 1 . 

[Claim 10] The process which forms the 1st silicon film on the substrate which has an insulating front 
face, and die process which it touches [ process ] and makes the metallic element which promotes 
crystallization of silicon hold on said 1st silicon film. The process which crystallizes said 1st silicon film 
by giving energy, and by performing patterning to said 1st silicon film The process which forms the 
field used as seed crystal, and the process which makes the predetermined crystal face remain selectively 
in said seed crystal by performing etching, The process which covers said seed crystal and forms the 2nd 
silicon film, and the process which it touches [ process ] and makes the metallic element which promotes 
crystallization of silicon hold on said 1st silicon film. The production approach of the semi-conductor 
characterized by having a ****** process for the crystal growth fi’om said seed crystal in said 2nd 
silicon film by giving energy. 
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[Claim 11] The production approach of the semi-conductor characterized by using nickel in claim 10 as 
a metallic element which promotes crystallization of silicon. 

[Claim 12] The production approach of the semi-conductor characterized by using a kind or two or more 
kinds of elements which were chosen from Fe, Co, nickel, Ru, Rh, Pd, Os, Ir, Pt, Cu, and Au in claim 10 
as a metallic element which promotes crystallization of silicon. 

[Claim 13] The process which forms the 1st silicon film on the substrate which has an insulating front 
face, the process which crystallizes said 1st silicon film by giving energy, and by performing patterning 
to said 1 St silicon film The process which forms the field used as seed crystal, and the process which 
makes the predetermined crystal face remain selectively in said seed crystal by performing etching. It 
sets on said 1 st silicon film the process which covers said seed crystal and forms the 2nd silicon film, 
and by giving energy. The crystal growth from said seed crystal a ****** process. The production 
approach of the semiconductor device characterized by having the process which performs patterning 
including removing the field in which said seed crystal is formed at least, and forms the barrier layer of a 
semiconductor device. 

[Claim 14] In claim 13 the barrier layer of a semiconductor device The hydrogen or the halogen for the 
grain boundary not existing substantially and neutralizing a point defect is included by the concentration 
of 0.001 - 1 atom %. And the production approach of the semiconductor device characterized by 
including the atom of carbon and nitrogen by the concentration of 1x1016-5x1018 atom cm-3, and 
including the atom of oxygen by the concentration of 1x1017-5x1019 atom cm-3. 

[Claim 15] The process which forms the 1st silicon film on the substrate which has an insulating front 
face, the process which crystallizes said 1st silicon film by giving energy, and by performing patterning 
to said 1st silicon film The process which forms the field used as seed crystal, and the process which 
makes the predetermined crystal face remain selectively in said seed crystal by performing etching. The 
process which covers said seed crystal and forms the 2nd silicon film, and the process which performs 
patterning and forms the 2nd silicon film in the shape of a rectangle. It sets on said 2nd silicon film by 
giving energy. The crystal growth from said seed crystal a ****** process, The process which performs 
patterning including removing the field in which said seed crystal is formed at least to said 2nd silicon 
film, and forms the barrier layer of a semiconductor device, TTie production approach of the 
semiconductor device characterized by locating said seed crystal in the part of the angle of the 2nd 
silicon film which ****(ed) and was formed in the shape of [ said ] a rectangle. 

[Claim 16] The production approach of the semiconductor device characterized by crystallizing the 
silicon film to the 2nd by irradiating scaiming laser light in claim 1 5 from the part of the angle of the 
2nd silicon film formed in the shape of a rectangle. 

[Claim 17] The process which forms the 1st silicon film on the substrate which has an insulating front 
face, the process which crystallizes said 1st silicon film by giving energy, and by performing patterning 
to said 1 st silicon film The process which forms the field used as seed crystal, and the process which 
makes the predetermined crystal face remain selectively in said seed crystal by performing etching. The 
process which covers said seed crystal and forms the 2nd silicon film, and the process which performs 
patterning and forms the 2nd silicon film in the shape of a polygon. It sets on said 2nd silicon film by 
giving energy. The crystal growth from said seed crystal A ****** process. The process which performs 
patterning including removing the field in which said seed crystal is formed at least to said 2nd silicon 
film, and forms the barrier layer of a semiconductor device. The production approach of the 
semiconductor device characterized by locating said seed crystal in the part of the angle of the 2nd 
silicon film which ****(ed) and was formed in the shape of [ said ] a polygon. 

[Claim 1 8] The production approach of the semiconductor device characterized by crystallizing the 
silicon film to the 2nd by irradiating scanning laser light in claim 17 from the part of the angle of the 
2nd silicon film formed in the shape of a polygon. 

[Claim 19] The hydrogen or the halogen for the grain boundary not existing substantially and 
neutralizing a point defect is included by the concentration of 0.001 - 1 atom %. And the atom of carbon 
and nitrogen is included by the concentration of 1x1016-5x1018 atom cm-3. And the semiconductor 
device characterized by making into a barrier layer the field which contains the atom of oxygen by the 
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concentration of 1x1017-5x1019 atom cm-3, and contains nickel by the concentration of 1x1015-1x1019 
atom cm-3. 

[Claim 20] The hydrogen or the halogen for the grain boundary not existing substantially and 
neutralizing a point defect is included by the concentration of 0.001 - 1 atom %. And the atom of carbon 
and nitrogen is included by the concentration of 1x1016-5x1018 atom cm-3. And the atom of oxygen is 
included by the concentration of 1x1017-5x1019 atom cm-3. And it is the semiconductor device which 
it has the semiconductor device which made the barrier layer the field which contains nickel by the 
concentration of 1x1015-1x1019 atom cm-3, and said semiconductor device consists of 2 set [ 1 ], and is 
characterized by removing the semi-conductor layer between said two semiconductor devices. 

[Claim 21] The process which forms the 1st silicon film on the substrate which has an insulating front 
face, the process which crystallizes said 1st silicon film by giving energy, and by performing patterning 
to said 1 St silicon film The process which forms the field used as seed crystal, and the process which 
makes the predetermined crystal face remain selectively in said seed crystal by performing etching. It 
sets on said 2nd silicon film the process which covers said seed crystal and forms the 2nd silicon film, 
and by giving energy. The crystal growth from said seed crystal A ****** process. Patterning of said 
2nd silicon film is carried out, and it has the process which removes at least the part in which said seed 
crystal exists. In the 2nd [ after / said / patterning was carried out ] silicon film The production approach 
of the semi-conductor characterized by containing the metallic element which hydrogen is 0.001 -latm 
% Contained, and promotes crystallization of silicon by the concentration of 1x1016 atom -1x1019 atom 
cm-3. 

[Claim 22] The process which forms the 1st silicon film on the substrate which has an insulating front 
face, the process which crystallizes said 1st silicon film by giving energy, and by performing patterning 
to said 1 St silicon film The process which forms the field used as seed crystal, and the process which 
makes the predetermined crystal face remain selectively in said seed crystal by performing etching. It 
sets on said 2nd silicon film the process which covers said seed crystal and forms the 2nd silicon film, 
and by giving energy. The crystal growth from said seed crystal a ****** process. Patterning of said 
2nd silicon film is carried out, and it has the process which removes at least the part in which said seed 
crystal exists. In the 2nd [ after / said / patterning was carried out ] silicon film The production approach 
of the semi-conductor characterized by containing the metallic element which hydrogen is 0.001 -latm 
% Contained, and promotes crystallization of silicon by the concentration of 1x1016 atom -5x1018 atom 
cm-3. 

[Claim 23] In claim 21 or claim 22, in the 2nd [ after patterning was carried out ] silicon film The 
hydrogen or the halogen for the grain boundary not existing substantially and neutralizing a point defect 
is contained by the concentration of 0.001 - 1 atom %. And the atom of carbon and nitrogen is contained 
by the concentration of 1x1016-5x101 8 atom cm-3. And the production approach of the semi-conductor 
characterized by containing the atom of oxygen by the concentration of 1x1017-5x1019 atom cm-3, and 
containing nickel by the concentration of 1x1015-1x1019 atom cm-3. 

[Claim 24] The production approach of the semi-conductor characterized by being chosen out of 
heating, the exposure of laser light, and the exposure of strong light, and using that it is simultaneous or 
gradually one sort or two or more kinds of approaches as how to give energy in claim 21 or claim 22. 
[Claim 25] The production approach of the semi-conductor characterized by performing laser light while 
heating to the field used as seed crystal in claim 21 or claim 22, or the exposure of strong light. 

[Claim 26] The production approach of the semi-conductor characterized by performing erystallization 
by giving energy where the metallic element which promotes crystallization of silicon in contact with 
the 1st silicon film touched and is held in claim 21 or claim 22. 

[Claim 27] The production approach of the semi-conductor characterized by using nickel in claim 21 or 
claim 22 as a metallic element which promotes crystallization of silicon. 

[Claim 28] The production approach of the semi-conductor characterized by using a kind or two or more 
kinds of elements which were chosen from Fe, Co, nickel, Ru, Rh, Pd, Os, Ir, Pt, Cu, and Au in claim 21 
or claim 22 as a metallic element which promotes crystallization of silicon. 

[Claim 29] The production approach of the semi-conductor characterized by using magnitude of seed 
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crystal as 0.1 -5-micrometer angle in claim 21 or claim 22. 

[Claim 30] The production approach of the semi-conductor characterized by using magnitude of seed 
crystal as 0.1 -2-micrometer angle in claim 21 or claim 22. 

[Claim 31] The process which forms the 1st silicon film on the substrate which has an insulating front 
face, the process which crystallizes said 1st silicon film by giving energy, and by performing patterning 
to said 1 St silicon film The process which forms the field used as seed crystal, and the process which 
makes the predetermined crystal face remain selectively in said seed crystal by performing etching. It 
sets on said 2nd silicon film the process which covers said seed crystal and forms the 2nd silicon film, 
and by giving energy. The crystd growth from said seed crystal a ****** process, The process which 
removes at least the field where patterning of said 2nd silicon film is carried out, and said seed crystal 
exists. It has the process which forms at least two 1 set of semiconductor devices across the field where 
said seed crystal existed. In the 2nd [ after / said / patterning was carried out ] silicon film The 
production approach of the semiconductor device characterized by containing the metallic element 
which hydrogen is 0.001 -latm % Contained, and promotes crystallization of silicon by the 
concentration of 1x1016 atom -1x1019 atom cm-3. 

[Claim 32] In claim 31, in the 2nd [ after patterning was carried out ] silicon film The hydrogen or the 
halogen for the grain boundary not existing substantially and neutralizing a point defect is contained by 
the concentration of 0.001 - 1 atom %. And the atom of carbon and nitrogen is contained by the 
concentration of 1x1016-5x1018 atom cm-3. And the production approach of the semiconductor device 
characterized by containing the atom of oxygen by the concentration of 1x1017-5x1019 atom cm-3, and 
including nickel by the concentration of 1x1015-1x1019 atom cm-3. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[ 0001 ] 

[Industrial Application] Invention indicated on these descriptions relates to the technique which forms 
the crystalline silicon film which has the field it can be considered that is a single crystal, or the field it 
can be considered substantially that is a single crystal on the substrate which has insulating front faces, 
such as glass. Moreover, it is related with the technique which forms the thin film semiconductor device 
represented by the thin film transistor using this crystalline silicon film. 

[ 0002 ] 

[Description of the Prior Art] In recent years, the technique which constitutes a thin film transistor using 
the thin film silicon semi-conductor filrn (number of thickness 100- about thousands ofA) formed on the 
substrate which has a glass substrate and an insulating front face attracts attention. It is the liquid crystal 
display of a active-matrix mold that application of a thin film transistor is expected most. The liquid 
crystal display of a active-matrix mold has the configuration held on both sides of liquid crystal between 
the glass substrates of a couple. Moreover, it has the configuration which has arranged the thin film 
transistor to each of the pixel electrode arranged in the shape of [ of a- 100 several lOOx number ] a 
matrix. In such a configuration, the technique which forms a thin film transistor on a glass substrate is 
needed. 

[0003] In order to form a thin film transistor on a glass substrate, it is necessary to form the thin film 
semiconductor for constituting a thin film transistor on a glass substrate. Generally as a thin film 
semiconductor formed on a glass substrate, the amorphous silicon film (amorphous silicon film) formed 
with a plasma-CVD method or a reduced pressure heat CVD method is used. 

[0004] In the actual condition, although the thin film transistor using the amorphous silicon film is put in 
practical use, in order to obtain a higher-definition display, the need of the thin film transistor using a 
silicon semi-conductor thin film (it is called the crystalline silicon film) with crystallinity is carried out. 
[0005] The technique indicated by the publication-number 6-No. 232059 official report by these people 
and the publication-number 6-No. 244103 official report as an approach of forming the crystalline 
silicon film on a glass substrate radical is well-known. The technique indicated by this official report 
forms the crystalline silicon film on a glass substrate by using the metallic element which promotes 
crystallization of silicon by 550 degrees C and the heat-treatment of about 4 hours which are the heating 
conditions which a glass substrate bears. 

[0006] However, the crystalline silicon film obtained by the approach using the above-mentioned 
technique cannot be used for thin film galvanized iron JISUTA for constituting various arithmetic 
circuits, a memory circuit, etc. This is because the property which the crystallinity runs short and is 
needed is not acquired. 

[0007] The circuit which deals with the actuation circuit and video signal for driving the thin film 
transistor arranged to the pixel field, or is controlled, the store circuit which memorizes various 
information are needed for the circumference circuit of the liquid crystal display of a active-matrix 
mold, or the liquid crystal display of a passive mold. 
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[0008] The store circuit which memorizes the circuit which deals with a video signal or is controlled in 
these circuits, and various information is asked for the engine performance which is equal to the 
integrated circuit using a well-known single crystal wafer. Therefore, when it is going to integrate these 
circuits using the thin film semiconductor formed on a glass substrate, it is necessary to form the 
crystalline silicon film with the crystallinity which is equal to a single crystal on a glass substrate. 

[0009] As an approach of raising Ae crystdlinity of the crystalline silicon film, it is possible to perform 
heat-treatment for the second time, or to irradiate laser light to the obtained crystalline silicon film. 
However, even if it repeats heat-treatment and the exposure of laser light, it has become clear for 
dramatic crystalline improvement to be difficult. 

[0010] Moreover, although the technique of obtaining a single crystal silicon thin film by using a SOI 
technique is also studied, since a single crystal silicon substrate cannot be used for a liquid crystal 
display, the technique concerned cannot be used for a direct liquid crystal display. Since substrate area is 
limited when a single crystal wafer is used especially, it is difficult for the liquid crystal display which 
has the large area expected that need will grow from now on to use a SOI teehnique. 

[ 0011 ] 

[Problem(s) to be Solved by the Invention] Invention indicated on these descriptions makes it a technical 
problem to form the field it can be considered that is a single crystal or a single crystal on the substrate 
which has an insulating front face, especially a glass substrate, and to form the thin film semiconductor 
device represented by the thin film transistor using this field. 

[ 0012 ] 

[Means for Solving the Problem] The process which forms the 1st semi-conductor film on the substrate 
with which one of the invention indicated on these descriptions has an insulating front face. The process 
which crystallizes said 1st semi-conductor film by giving energy, and by performing patterning to said 
1st semi-conductor film The process which forms the field used as seed crystal, and the process which 
makes the predetermined crystal face remain selectively in said seed crystal by performing etching, It is 
characterized by having a ****** process for the crysM growth from said seed crystal in said 2nd semi- 
conductor film the process which covers said seed crystal and forms the 2nd semi-conductor film, and 
by giving energy. 

[0013] In the above-mentioned configuration, the silicon film is typically used as 1st and 2nd semi- 
conductor film. Moreover, generally the amorphous silicon film by which the silicon film is formed with 
a CVD method is used. 

[0014] It is for ****** about crystal growth to make the predetermined crystal face remain selectively 
so that it may become a crystal more near a single crystal. Making the predetermined crystal face remain 
should just use an etching means to have selectivity to the predetermined crystal face, for example, H2 
O — 63.3wt(s)% and KOH — 23.4wt(s)% and isopropanol — 13.3wt(s)% weight — a field (100) ean be 
made to be able to remain selectively and the seed crystal covered as a result (100) in the field can be 
made to remain selectively by using the etchant mixed with the mixing ratio 

[0015] Moreover, a field (1 1 1) can be made to remain selectively by performing etching in the gaseous 
phase using a hydrazine (N two H4). Specifically, it is C1F3 as etching gas. N two H4 A field (111) can 
be made to remain by the used dry etching. 

[0016] Moreover, as how to give the energy in the above-mentioned configuration, it is chosen out of 
heating, the exposure of laser light, and the exposure of strong light, and one sort or two or more kinds 
of approaches can be used that it is simultaneous or gradually. For example, heating and the exposure of 
laser light can be performed by turns, and it can heat [ the exposure of laser light while heating, 
irradiating laser light after heating, or ] after the exposme of laser light. Moreover, what uses strong light 
instead of laser light is sufficient. 

[0017] When crystallizing the silicon film concerned by using the silicon film as semi-conductor film, 
and giving energy, it is useful to use the metallic element which promotes crystallization of silicon. For 
example, when it is going to crystallize with heating the amorphous silicon film which formed 
membranes with the plasma-CVD method or the reduced pressure heat CVD method, heat-treatment of 
10 hours or more is needed at the temperature of 600 degrees C or more, but when the metallic element 
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which promotes crystallization of silicon is used, the result more than equivalent can be obtained with it 
by 550 degrees C and heat-treatment of 4 hours. 

[001 8] As a metallic element which promotes crystallization of silicon, the effectiveness of nickel is the 
highest and it is useful. Moreover, a kind or two or more kinds of elements which were chosen from Fe, 
Co, Ru, Rh, Pd, Os, Ir, Pt, Cu, and Au can also be iised. Especially Fe, Pd, Pt, Cu, and Au can acquire 
the effectiveness which ranks second to nickel. 

[0019] the crystal growth from seed crystal — ****** ~ by things, the field it can be considered that is a 
single crystal, or the field it can be considered substantially that is a single crystal can be formed in a 
predetermined field. The field it can be considered that is Ais single crystal, or the field it can be 
considered substantially that is a single crystal is defined as a field which fulfills the following 
conditions. 

- The grain boundary does not exist substantially. 

- The hydrogen or the halogen for neutralizing a point defect is included by the concentration of 0.001 - 
1 atom %. 

- The atom of carbon and nitrogen is included by the concentration of 1x1016-5x1018 atom cm-3, and 
the atom of - oxygen is included by the concentration of 1x1017-5x1019 atom cm-3. 

[0020] The process at which the configuration of other invention forms the 1 st silicon film on the 
substrate which has an insulating front face. The process which it touches [ process ] and makes the 
metallic element which promotes crystallization of silicon hold on said 1st silicon film, the process 
which crystallizes said 1st silicon film by giving energy, and by performing patterning to said 1st silicon 
fi lm The process which forms the field used as seed crystal, and the process which makes predetermined 
crystal orientation remain selectively in said seed crystal by performing etching. The process which 
covers said seed crystal and forms the 2nd silicon film, and the process which it touches [ process ] and 
makes the metallic element which promotes crystallization of silicon hold on said 1 st silicon film, It is 
characterized by having a ****** process for Ae crystal growth from said seed crystal in said 2nd 
silicon film by giving energy. 

[0021] The configmation of other invention the process which forms the 1st silicon film on the substrate 
which has an insulating front face, the process which crystallizes said 1st silicon film by giving energy, 
and by performing patterning to said 1st silicon film The process which forms the field used as seed 
crystal, and the process which makes predetermined crystal orientation remain selectively in said seed 
crystal by performing etching, It sets on said 1st silicon film the process which covers said seed crystal 
and forms the 2nd silicon film, and by giving energy. The crystal growth from said seed crystal A 
****** process. It is characterized by having the process which performs patterning including removing 
the field in which said seed crystal is formed at least, and forms the barrier layer of a semiconductor 
device. 

[0022] In the above-mentioned configuration, it is the description that the field of the obtained barrier 
layer is the field it can be considered that is a single crystal, or the field it can be considered 
substantially that is a single crystal. This field is defined as a field which contains the hydrogen or the 
halogen for the grain boundary not existing substantially and neutralizing a point defect by the 
concentration of 0.001 - 1 atom %, contains the atom of carbon and nitrogen by the concentration of 
1x1016-5x1018 atom cm-3, and contains the atom of oxygen by the concentration of 1x1017-5x1019 
atom cm-3. 

[0023] The configuration of other invention the process which forms the 1st silicon film on the substrate 
which has an insulating front face, the process which crystallizes said 1st silicon film by giving energy, 
and by performing patterning to said 1 st silicon film The process which forms the field used as seed 
crystal, and the process which makes predetermined crystal orientation remain selectively in said seed 
crystal by performing etching. The process which covers said seed crystal and forms the 2nd silicon 
film, and the process which performs patterning and forms the 2nd silicon film in the shape of a 
rectangle. It sets on said 2nd silicon film by giving energy. The crystal growth from said seed crystal A 
****** process, It has the process which performs patterning including removing the field in which said 
seed crystal is formed at least to said 2nd silicon film, and forms the barrier layer of a semiconductor 
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device, and is characterized by locating said seed crystal in the part of the angle of the 2nd silicon film 
formed in the shape of [ said ] a rectangle. 

[0024] The concrete example using the above-mentioned configuration is shown in drawing 3 . The 
configuration which crystallizes the amorphous silicon film 302 is indicated by by locating seed crystal 
303 in the angle of the amorphous silicon film 302 formed in the shape of a rectangle at a part 304, and 
irradiating drawing 3 , scanning the laser light by which beam processing was carried out from the part 
at the line. 

[0025] In drawing 3 , although the example which carries out patterning of the silicon film 302 
(amorphous silicon film) to four square shapes is shown, a square or a rectangle is sufficient as this. 
[0026] The configuration of other invention the process which forms the 1st silicon film on the substrate 
which has an insulating front face, the process which crystallizes said 1st silicon film by giving energy, 
and by performing patterning to said 1st silicon film The process which forms the field used as seed 
crystal, and the process which makes predetermined crystal orientation remain selectively in said seed 
crystal by performing etching. The process which covers said seed crystal and forms the 2nd silicon 
film, and the process which performs patterning and forms the 2nd silicon film in the shape of a 
polygon, It sets on said 2nd silicon film by giving energy. The crystal growth from said seed crystal A 
****** process. It has the process which performs patterning including removing the field in which said 
seed crystal is formed at least to said 2nd silicon film, and forms the barrier layer of a semiconductor 
device, and is characterized by locating said seed crystal in the part of the angle of the 2nd silicon film 
formed in the shape of [ said ] a polygon. 

[0027] The concrete example of the above-mentioned configuration is shown in drawing 4 . The 
configuration which crystallizes the amorphous silicon film 401 is shown by by locating seed crystal in 
the part 403 of the angle of the amorphous silicon film 401 by which patterning was carried out to five 
square shapes of a home base mold, and irradiating drawing 4 , scanning the laser light by which beam 
processing was carried out from this part of 403 at the line. 

[0028] Although the example which carries out patterning of the silicon film to five square shapes is 
shown in drawing 4 , this is good also as a polygon with still more angles. However, if the number of 
angles increases, the include angle of an angle will become large inevitably and the effectiveness of 
advancing crystallization from an angle will decrease. 

[0029] The configuration of other invention the process which forms the 1 st silicon film on the substrate 
which has an insulating front face, the process which crystallizes said 1st silicon film by giving energy, 
and by performing patterning to said 1st silicon film The process which forms the field used as seed 
crystal, and the process which makes the predetermined crystal face remain selectively in said seed 
crystal by performing etching. It sets on said 2nd silicon film the process which covers said seed crystal 
and forms the 2nd silicon film, and by giving energy. The crystal growth from said seed crystal A 
****** process. Patterning of said 2nd silicon film is carried out, and it has the process which removes 
at least the part in which said seed crystal exists. In the 2nd [ after / said / patterning was carried out ] 
silicon film It is characterized by containing the metallic element which hydrogen is 0.001 -latm % 
Contained, and promotes crystallization of silicon by the concentration of 1x1016 atom -1x1019 atom 
cm-3. 

[0030] In the above-mentioned configuration, the silicon film typically formed with the plasma-CVD 
method or the reduced pressure heat CVD method is used eis 1st and 2nd silicon film. 

[0031] It is for ****** about crystal growth to make the predetermined crystal face remain selectively 
so that it may become a crystal more near a single crystal. Making the predetermined crystal face remain 
should just use an etching means to have selectivity to the predetermined crystal face, for example, H2 
O - 63.3wt(s)% and KOH - 23.4wt(s)% and isopropanol - 13.3wt(s)% weight - a field (100) can be 
made to be able to remain selectively and the seed crystal covered as a result (100) in the field can be 
made to remain selectively by using the etchant mixed with the mixing ratio This is because the etching 
rate to the field (100) of the above-mentioned etchant is low as compared with other crystal faces. 

[0032] Moreover, a field (1 1 1) can be made to remain selectively by performing etching in the gaseous 
phase using a hydrazine (N two H4). Specifically, it is C1F3 as etching gas. N two H4 A field (111) can 
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be made to remain by the used dry etching. It is because this is also low as compared with the crystal 
face of others [ etching rate / to the field (1 1 1) of a hydrazine ]. 

[0033] Moreover, as how to give the energy in the above-mentioned configuration, it is chosen out of 
heating, the exposure of laser light, and the exposure of strong light, and one sort or two or more kinds 
of approaches can be used that it is simultaneous or gradually. For example, heating and the exposure of 
laser light can be performed by turns, and it can heat [ the exposure of laser light while heating, 
irradiating laser light after heating, or ] after the exposure of laser light. Moreover, what uses strong light 
instead of laser light is sufficient. 

[0034] When crystallizing the silicon film concerned by using the silicon film as semi-conductor film, 
and giving energy, it is useful to use the metallic element which promotes crystallization of silicon. For 
example, when it is going to crystallize with heating the amorphous silicon film which formed 
membranes with the plasma-CVD method or the reduced pressure heat CVD method, heat-treatment of 
10 hours or more is needed at the temperature of 600 degrees C or more, but when the metallic element 
which promotes crystallization of silicon is used, the result more than equivalent can be obtained with it 
by 550 degrees C and heat-treatment of 4 hours. 

[0035] As a metallic element which promotes crystallization of silicon, the effectiveness of nickel is the 
highest and it is useful. Moreover, a kind or two or more kinds of elements which were chosen from Fe, 
Co, Ru, Rh, Pd, Os, Ir, Pt, Cu, and Au can also be used. Especially Fe, Pd, Pt, Cu, and Au can acquire 
the effectiveness which ranks second to nickel. 

[0036] the crystal growth from seed crystal — ****** — by things, the field it can be considered that is a 
single crystal, or the field it can be considered substantially that is a single crystal can be formed in a 
predetermined field. The field it can be considered that is this single crystal, or the field it can be 
considered substantially that is a single crystal is defined as a field which fulfills the following 
conditions. 

- The grain boundary does not exist substantially. 

- The hydrogen or the halogen for neutralizing a point defect is included by the concentration of 0.001 - 
1 atom %. 

- The atom of carbon and nitrogen is included by the concentration of 1x1016-5x1018 atom cm-3, and 
the atom of - oxygen is included by the concentration of 1x1017-5x1019 atom cm-3. 

[0037] moreover, the concentration of the metallic element concerned in the field it can be considered 
that is the above-mentioned single crystal by removing the field where seed crystal exists, or the field it 
can be considered substantially that is a single crystal - 1x1016-1x1019 atom cm-3 - it can be 
preferably referred to as 1x1016-5x1018 atom cm-3. 

[0038] 

[Function] Crystal growth can be advanced from the seed crystal concerned by forming the seed crystal 
it can be considered substantially that is a single crystal, or it can regard it as a single crystal selectively, 
covering the seed crystal concerned after an appropriate time, forming the amorphous silicon film in it, 
and giving energy fUrther to it by heating or the exposure of laser light. And the field it can be 
eonsidered that is a single crystal, or the field it can be considered substantially that is a single crystal 
can be formed in the perimeter of seed crystal. 

[0039] The field it can be considered that is this single crystal, or the field it can be considered 
substantially that is a single crystal can be formed in a desired field by choosing the field in which seed 
crystal is formed. Therefore, the thin film semiconductor device formed using this field can be formed in 
a desired field. 

[0040] That is, the device which is equal to the device using single crystal silicon can be formed in a 
desired field. Moreover, a weak glass substrate can be used for heating by using the operation and laser 
light of a metallic element which promote crystallization of silicon, and the exposure of strong light. 
[0041] Two or more semiconductor regions obtained by carrying out patterning of the field it can be 
considered that is one single crystal, or the field it can be considered substantially that is a single crystal 
are sharing the respectively same crystallographic axis and the angle of rotation around it. A 
crystallographic axis says the thing of the crystallographic axis 901 of a vertical direction in drawing 9 
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here to the flat surface 903 of the field it can be considered that is a single crystal, or the field it can be 
considered substantially that is a single crystal. 

[0042] It can consider as the membrane formation approach and the crystallization approach of the start 
film of the direction of this crystallographic axis, and the thing which changes with Aose approaches 
further. Specifically, values, such as <1 1 1> shaft orientations and <100> shaft orientations, will be 
taken. 

[0043] The surrounding angle of rotation of a crystallographic axis says the thing of the include angle 
shown by 902 shown by drawing 9 . This include angle is a relative include angle measured on the basis 
of the direction of arbitration. 

[0044] In Ihe field it can be considered that is the same single crystal, or the field it can be considered 
substantially that is a single crystal, it is substantially [ similarly / a crystallographic axis and the angle 
of rotation around it ] the same in the field. 

[0045] Here, that it is the same gives a definition identically [ a crystallographic axis ] or substantially as 
a thing included in within the limits whose include angle of the blurring is **10 degrees. Moreover, fliat 
it is the same gives a definition identically [ an angle of rotation ] or substantially as a thing included in 
within the limits whose include angle of the blurring is **10 degrees. 

[0046] Therefore, when two or more semiconductor regions are formed and two or more thin film 
transistors are formed using the field by carrying out patterning of the field it can be considered that is 
the same single crystal, or the field it can be considered substantially that is a single crystal, the 
crystallographic axis of those barrier layers becomes the same thing. Moreover, the surrounding include 
angle of a crystallographic axis will also become the same. 

[0047] And by using this, two or more sets can be formed for the thin film transistor using the field it 
can be considered that is the single crystal which shared the same crystallographic axis and the include 
angle around it, or the field it can be considered substantially that is a single crystal as one group. For 
example, it can constitute that it is also in the field which can consider that the CMOS circuit constituted 
by combining the thin film transistor of a P channel mold and an N channel mold and an inverter circuit 
are the single crystals which shared the same crystallographic axis and the include angle around it, or the 
field it can be considered substantially that is a single crystal. 

[0048] 

[Example] 

[Example 1] In this example, the field used as seed crystal is formed by forming the crystalline silicon 
film first on a glass substrate, and performing patterning to this crystalline silicon film. And by heat- 
treating by forming the amorphous silicon film, the crystal growth which used this seed crystal nature as 
the seed is made to perform, and the field it can be considered that is a single crystal, or the field it can 
be considered substantially that is a single crystal is formed. 

[0049] Hereafter, according to drawing 1 , the making process of the crystalline silicon film shown in 
this example is shown. First, the oxidation silicon film 102 which turns into substrate film on a glass 
substrate 101 is formed in thickness of 3000Aby the plasma-CVD method or the spatter. This oxidation 
silicon film functions as that the movable ion from a glass substrate advances to a semi-conductor film 
side, and barrier film for in addition to this preventing the diffusion by the side of the semi-conductor of 
an impurity. 

[0050] Next, with a plasma-CVD method or a reduced pressure heat CVD method, the amorphous 
silicon film is formed in thickness of 1000 A. Furthermore, the nickel film 104 is formed by vacuum 
deposition or the spatter on the front face of this amorphous silicon film. Thickness of this nickel film is 
made into 200A. 

[0051] If the nickel film is formed, heat-treatment of 1 hour will be performed at the temperature of 450 
degrees C, and a nickel SHIRIIDO layer will be formed to the interface of the nickel film 1 04 and the 
amorphous silicon film 103 300 degrees C - 500 degrees C and here. Since this heat-treatment is for 
forming a nickel silicide layer, it is performed over about 1 - 2-hour time amoimt at the temperature of 
500 degrees C or less which the amorphous silicon film 103 does not crystallize. ( Drawing 1 (A)) 

[0052] Moreover, a nickel silicide layer may be formed by irradiating laser light instead of heat- 
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treatment. Moreover, by using heating and the exposure of laser light together, what forms a nickel 
silicide layer is sufficient. 

[0053] If a nickel silieide layer is formed in the interface of the nickel film 104 and the amorphous 
silicon film 103, heat-treatment for crystallizing the amorphous silicon film 103 will be performed. This 
heat-treatment is performed on 550 degrees C and the conditions of 4 hours. As for this heat-treatment 
condition, that upper limit is decided by heat-resistant temperature of a glass substrate. In addition, 
although even the temperature of about 500 degrees C is possible for crystallization, since the processing 
time turns into 10 hours or more, productivity worsens. 

[0054] Moreover, the amorphous silicon film 103 may be crystallized by laser light or the exposure of 
strong light instead of heat-treatment. Moreover, it is more effective to use together laser light, or an 
exposure and heating of strong light. Moreover, heating after the exposure of laser light is also effective. 
Moreover, it is also effective to repeat an exposure and heating of laser light by turns. 

[0055] Crystallization by the above-mentioned heat-treatment is performed by the nickel silicide 
component of a nickel silicide layer serving as a crystalline nucleus. If the nickel concentration in the 
obtained crystalline silicon film remains as it is very highly (it will become beyond about 1020 atom 
cm-3) when such an approach is adopted, it cannot use for a semiconductor device. However, the 
crystallinity can be made very high. 

[0056] If crystallization by heat-treatment is completed, it will etch using FPM and the nickel film and 
nickel silicide will be removed selectively. FPM is what added the filtered water to fluoric acid, and has 
the operation which removes seleetively the impurity contained in silicon. In this case, the nickel film 
and a nickel silicide layer can be removed selectively. Moreover, the nickel component of the obtained 
crystalline silicon film can be removed. 

[0057] In this way, the crystalline silicon film 105 is obtained. Although that crystallinity is excellent, 
since internal nickel concentration is high, if this crystalline silicon film remains as it is, it cannot be 
used for a semiconductor device. ( Drawing 1 (B)) 

[0058] Next, patterning is performed and the island-shape fields 106 and 107 used as the kind 
(henceforth seed crystal) of crystal growth are formed. This island-shape field is 0. 1 . It considers as the 
magnitude of dozens of mum - micrometer angle. It is required 0.1 -5-micrometer angle and for the 
magnitude of this patterning to use the foil as 0.1 -2-micrometer angle preferably. This is for obtaining 
the single crystal nature of seed crystal. In this condition, further, by FPM (etchant which added the 
filtered water to fluoric acid), it etches and the nickel component exposed on the surface of seed crystal 
is removed. 

[0059] And the crystallinity of this island-shape field is raised by irradiating laser light to these island- 
shape fields 106 and 107. Under the present circumstances, since this island-shape field is a minute 
field, conversion can be carried out to the field it can be considered that is a single crystal, or the field it 
can be considered substantially that is a single crystal. In this way, seed erystal 106 and 107 can be 
obtained. ( Drawing 1 (C)) 

[0060] It is important in the case of the exposure of this laser to heat an irradiated field at the 
temperature of the range of the strain point of 450 degrees C - a glass substrate. Although the 
temperature of this heating has so large that it is high effectiveness, if the thermal resistanee of a glass 
substrate is taken into consideration, it is required to carry out to below the strain point of the glass 
substrate to be used. In addition, when what has the thermal resistanee of a quartz substrate, a semi- 
eonductor substrate, etc. as a substrate is used, you may heat at a 800 degrees C - about 1000 degrees C 
elevated temperature. Moreover, what is necessary is just to adopt the approach at a heater, infrared 
light, and the approach by the exposure of strong light in addition to this as the approach of heating. 
[0061] Next, chemical etching is performed and the crystal face which has specific bearing is made to 
remain in seed crystal 106 and 107. for example, H2 O — 63.3wt(s)% and KOH — 23.4wt(s)% and 
isopropanol — 13.3wt(s)% weight — a field (100) can be made to be able to remain selectively and the 
seed crystal covered as a result (100) in the field can be made to remain selectively by using the etchant 
mixed with the mixing ratio 

[0062] Moreover, a field (111) can be made to remain selectively by performing etching in the gaseous 
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phase using a hydrazine (N two H4). Specifically, it is C1F3 as etching gas. N two H4 A field (111) can 
be made to remain by the used dry etching. That is, the etch rate of a hydrazine in a field (100) is the 
largest, and its etch rate to a field (1 1 1) is very sm^l as compared with it. Moreover, the etching rate to 
other crystal faces is also large to a field (111). Therefore, a field (111) can be made to remain 
selectively by performing etching using a hydrazine. 

[0063] thus, since the obtained seed crystal consists of a field has removed the nickel component as 
much as possible (however, a semiconductor device — ** — if — nickel exists on concentration level 
with an adverse effect), and it can be considered that is a single crystal, or a field it can be considered 
substantially that is a single crystal, it can be operated as a nucleus of crystal growth in next crystal 
growth. 

[0064] Next, seed crystal is covered and the amorphous silicon film 108 is formed in thickness of 300A 
on the whole surface. Membrane formation of this amorphous silicon film is performed with a plasma- 
CVD method or a reduced pressure heat CVD method. When especially the point of step coverage is 
taken into consideration, it is desirable to use a reduced pressure heat CVD method. And the amorphous 
silicon film 108 is crystallized by heat-treating. Here, the amorphous silicon film 108 is crystallized by 
performing 600 degrees C and heat-treatment of 8 hours. 

[0065] In this process, crystal growth advances by using as a nucleus 106 and 107 which are seed 
crystal. In this way, the field it can be considered that is a single crystal, or the fields 108 and 109 it can 
be considered substantially that are single crystals are formed. In tWs crystal growth, the crystal face 
which has exposed seed crystal 106 and 107 grows. For example, when a field (100) is made to remain 
selectively in seed crystal, the top face of fields 110 and 109 becomes a thing with a field (100). 

[0066] Crystal growth advances toward the perimeter of seed crystal 106 and 107. And the grain 
boundary 1 10 is formed in the place where Ae crystal growth from seed crystal 106 and the crystal 
growth from seed crystal 107 collide. 

[0067] Signs that the condition of the phase which crystal growth ended was seen from the top face are 
shown in drawing 2 . As for being shown in drawing 2 , signs that crystal growth advances from two 
seed crystal 106 and 107 are shown. The cross section cut with A- A' of drawing 2 is equivalent to the 
condition which shows in drawing 1 (E). 

[0068] The field it can be considered that is the single crystal shown by drawing 1 , 109 of drawing 2 , 
or 1 10, or the field it can be considered substantially that is a single crystal can obtain the thing of the 
magnitude of a radius number 10 micrometers - about hundreds of micrometers or more. 

[0069] By controlling the location which forms seed crystal, I hear that important one can control to 
arbitration the location which forms the field it can be considered that is a single crystal, or the field it 
can be considered substantially that is a single crystal, and there is here. 

[0070] Finally the part of seed crystal 106 and 107 is removed by etching. In this way, the process which 
forms the field it can he considered that is a single crystal, or the field it can be considered substantially 
that is a single crystal on a glass substrate is completed. What is necessary is after this, just to form 
various thin film semiconductor devices according to a well-known process. 

[0071] When a configuration as shown in this example is adopted, the field it can be considered that is a 
single crystal, or the field it can be considered substantially that is a single crystal can be formed in the 
location of the arbitration on a glass substrate. 

[0072] moreover, the concentration of the nickel element in the field it can be considered that is the 
single crystal after removing the field it can be considered that is seed crystal (after patterning was 
carried out), or the field it can be considered substantially that is a single crystal -- 1x1016 atom -1x1019 
atom cm-3 ~ it can be referred to as 1x1016 atom -5x1018 atom cm-3 still more preferably. And a thin 
film semiconductor device with little effect of nickel is realizable by using this field. 

[0073] [an example 2] — a direction as shown by the arrow head 305 by irradiating while this example 
operates a linear laser light from the part 304 of the angle of the amorphous silicon film 302 formed in 
the shape of a rectangle, as shown in drawing 3 ~ crystal growth -******-- it is characterized by 
things. 

[0074] In this case, seed crystal 303 is formed in the part 304 of the angle of the amorphous silicon film 
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302 processed in the shape of a rectangle. In order to realize such a condition, first, by the approach 
shown in the example 1 on glass substrate top 300, seed crystal 303 is formed and the amorphous silicon 
film is formed further. And the condition that it is shown in drawing 3 is acquired by carrying out 
patterning of the amorphous silicon film so that it may become rectangle-like. 

[0075] Since crystal growth advances toward the direction where the area becomes large gradually when 
laser light is irradiated in the condition that it is shown in drawing 3 , conversion of the rectangle-like 
amorphous silicon film 302 can be carried out to the field it can be considered that is a single crystal, or 
the field it can be considered substantially that is a single crystal. 

[0076] In drawing 3 , in order to simplify a publication, the amorphous silicon film 302 should just form 
the number by the number to need, although only one is shown. However, it is important to arrange the 
direction. 

[0077] What is necessary is to perform patterning and just to form the barrier layer of a thin film 
transistor, if it obtains to the field it can be considered that is a single crystal, or the field it can be 
considered substantially that is a single crystal. Under the present circumstances, removing is important 
for the part of seed crystal 303. For example, what is necessary is just to consider as ** and a barrier 
layer that make into the magnitude of a 10% - himdreds of % number magnitude of the amorphous 
silicon film shown by 302 by which patterning was carried out to the shape of a rectangle, and it carries 
out patterning after termination of crystallization fi-om the barrier layer of the thin film transistor to 
need. 

[0078] [Example 3] This example is characterized by carrying out conversion of the amorphous silicon 
film 401 to the field it can be considered that is a single crystal, or the field it can be considered 
substantially that is a single crystal by irradiating scaiming the linear laser light 402 from the part 403 of 
the angle to the amorphous silicon film 401 processed into the configuration [ like ], as shown in 
drawing 4 . Seed crystal 404 is formed in the part of the part 403 of the starting point when crystal 
growth starts in the condition which shows in drawing 4 . The method of formation of seed crystal 404 
should just be based on the approach shown in the example 1 . 

[0079] If it irradiates scanning laser light in the condition that it is shown in drawing 4 , since 
crystallization advances towards area becoming large, it can carry out conversion to the field which can 
consider that the amorphous silicon film 401 whole is a single crystal, or the field it can be considered 
substantially that is a single crystal eventually gradually. 

[0080] What is necessary is to perform patterning, for example, just to form the barrier layer of a thin 
film transistor, if the field it can be considered that is a single crystal, or the field it can be considered 
substantially that is a single crystal is obtained. Under the present circumstances, removing is important 
for the part of seed crystal 404. 

[0081] [Example 4] By this example, the approach shown in the example 1 is applied and the example 
which forms the circuit which constituted Ae thin film transistor of a P channel mold and the thin film 
transistor of an N channel mold in the complementary type is shown. 

[0082] First, the condition which shows in drawing 5 (A) is acquired by the approach shown in the 
example 1 . The condition which shows in drawing 5 (A) is the same as the condition which shows in 
drawing 1 (E). If the condition which shows in drawing 5 (A) is acquired, patterning will be performed 
and the barrier layers 501 and 502 of a thin film transistor will be formed. In this patterning process, the 
field of the grain boundary 1 10 is removed to seed crystal 106 and 107 and a pan. This is [ whether the 
nickel element used in the crystallization process exists in high concentration, and the impurity is 
segregating the field of seed crystal in the grain boundary, Euid ] **. 

[0083] In this way, the concentration of the nickel element in the interior of the field it can be considered 
that is the obtained single crystal, or the fields 501 and 502 it can be considered substantially that are 
single crystals is less than [ 5x1018 atom cm-3 ], and especially existence of a nickel atom does not pose 
a problem. 

[0084] In this example, the field shown by 501 serves as a barrier layer of the thin film transistor of an N 
channel mold. Moreover, the field shown by 502 serves as a barrier layer of the thin film transistor of a 
P channel mold. Next, the oxidation silicon film 503 which functions as gate dielectric film is formed in 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 



7/11/2007 




JP, 08-321466, A [DETAILED DESCRIPTION] 



Page 10 of 17 



thickness of lOOOA. The gate electrodes 504 and 505 are formed by forming the microcrystal silicon 
film of the N type which furthermore carried out the dopant of Lynn so much with a reduced pressure 
heat CVD method, and performing patterning. ( Drawing 5 (C)) 

[0085] Furthermore, in this condition, in the condition of having covered the field of each thin film 
transistor with the resist mask, the ion of Lynn and boron is driven in by turns, and the source field 506, 
the drain field 508, and the channel formation field 507 of a thin film transistor (TFT) of an N channel 
mold are formed in self align. Moreover, the source field 51 1, the drain field 509, and the channel 
formation field 510 of a thin film transistor of a P channel mold are formed in self align. ( Draw in g 5 

[0086] Next, the oxidation silicon film 512 is formed in thickness of 6000A by the plasma-CVD method 
as an interlayer insulation film. Furthermore a contact hole is formed and the drain electrodes 514 and 
515 are formed in the source electrodes 513 and 516 and a pan as the two-layer film of the titanium film 
and the aluminum film is also. Here, it connects and the drain electrodes 514 and 515 constitute CMOS 
structure. In this way, the condition of having constituted the thin film transistor of an N channel mold 
and the thin film transistor of a P channel mold as shown in drawing 5 (D) in the complementary type is 
acquired. 

[0087] Since the barrier layer of each thin film transistor can be constituted from a field it can be 
considered that is a single crystal, or a field it can be considered substantially that is a single crystal 
when the configuration shown in this example is adopted, a property equivalent to the transistor 
constituted using the single crystal silicon wafer can be acquired. And the integrated circuit which 
consisted of transistors using single crystal silicon can be constituted. 

[0088] [Example 5] This example transforms the process shown in drawing 1 . In this example, it is 
characterized by crystallizing the amorphous silicon film 108 in the process shown in drawing 1 (D) by 
considering as the condition of having made the nickel element holding in contact with the whole firont 
face of the amorphous silicon film 108, and heat-treating after an appropriate time. 

[0089] In order to perform solid phase crystallization using the metal catalyst for crystallization 
promotion, there are some approaches, the ceise of "physieal formation" whieh forms the eoat of the 
metal eatalysts (nickel, Fe, Ru, Rh, Pd, Pd, Os, Ir, Pt, Cu, Au, etc.) whose number is one with a spatter, 
electron beam vacuum deposition, etc. — the average thickness of a metal coat — 5-200A — for example, 
even if there is 10-50A, the catalyst is easy to be formed at a forming face-ed in island shape. That is, a 
metal catalyst serves as a minute grain, the average diameter becomes 50-200A, and it tends to be dotted 
with it. Moreover, the distance between minute grains also separates mutually about 100- 1000 A then. 
That is, a heterogeneity layer (discontinuous layer) is formed and it is uniform continuous film. It might 
be hard to be formed. Nueleus of crystallization of this metal island (nuclious) It forms and the erystal 
growth of the amorphous silicon film on an insulating substrate is made to perform by 450-600-degree C 
heat treatment from here. 

[0090] However, although crystallization could lower 50-100 degrees C of temperature with this 
teehnique eompared with the case where it carries out without using this eatalyst, when the crystallized 
eoat was observed carefully, very many amorphous components remained and it became clear that that 
part was a metal field which has a metallic property. It is presumed that the metal nucleus probably 
remains as it is. All over the crystallized semiconductor region, this metal field has a very vicious 
property [ say / the increment in leakage current ] by the metal field which almost surely exists in the 
field of the semiconductor device which has PI and NI junction, when working as a recombination 
center of an electron and a hole and applying a reverse bias electrieal potential difference especially to a 
semiconductor device, and PI and the semiconductor device which has NI junction. For example, 
channel length/channel width = when TFT of a thin film mold (8 micrometers / 8 micrometers) is made 
to constitute, that whose OFF state current should be a 10-12 A grade essentially is 10-10 - 10-6 A, and 
102-106. It will become large also twice. 

[0091] In order to remove this fault, in this example, the "chemical formation" approach is offered as the 
formation approach of a metal catalyst coat. This uses for solutions (water, isopropyl alcohol, etc.) the 
metallic compounds typically diluted with fire concentration of 10-100 ppm 1-1000 ppm. Especially an 
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organometallic compound is used. Below, the example of the metallic compounds which can be used for 
the chemical formation approach is shown. 

[0092] (1) When using nickel as a catalyst element, at least one kind chosen from KISHIRU butanoic 
acid nickel and 2-ethylhexanoic acid nickel can be used as a nickel compound to nickel bromide, nickel 
acetate, oxalic acid nickel, nickel carbonate, a nickel chloride, iodation nickel, nickel nitrate, a nickel 
sulfate, nickel formate, nickel oxide, nickel hydroxide, nickel acetylacetonate, and 4-cyclo. Moreover, 
nickel may be mixed with at least one chosen from the benzene and the toluene xylene which are a non- 
polar solvent, a carbon tetrachloride, chloroform, the ether, a trichloroethylene, and chlorofluocarbon. 
[0093] (2) The ingredient known as iron salt when using Fe (iron) as a catalyst element, for example, 
bromination - the 1st iron (FeBr2 6H2 O) and bromination - the 2nd iron (FeBr3 6H2 O) The 2nd iron 
(Fe(C two H302)3xH2 O) of an acetic acid, ferrous chloride (FeC12 4H2 O), Ferric chloride (FeC13 6H2 
O), the 2nd iron of fluoride (FeF3 3H2 O), What was chosen from ferric nitrate (Fe(N03)3 9H2 O), the 
1st iron (Fe3 2 (P04) 8H2 O) of a phosphoric acid, and the 2nd iron (FeP04 2H2 O) of a phosphoric 
acid can be used. 

[0094] (3) The ingredient known as cobalt salt as the compound when using Co (cobalt) as a catalyst 
element. For example, a cobalt bromide (CoBr6H2 O), cobaltous acetate (Co(C two H302)2 4H2 O), 
What was chosen from a cobalt chloride (CoC12 6H2 O), cobalt fluoride (CoF2 xH2 O), and a cobalt 
nitrate (Co(No3)2 6H2 O) can be used. 

[0095] (4) When using Ru (ruthenium) as a catalyst element, the ingredient known as a ruthenium salt as 
the compound, for example, ruthenium chloride, (RuC13 H2 O) can be used. 

[0096] (5) When carrying out a catalyst element and using Rh (rhodium), the ingredient known as a 
rhodium salt as the compound, for example, a rhodium chloride, (RhC13 3H2 O) can be used. 

[0097] (6) When using Pd (palladium) as a catalyst element, the ingredient known as a palladium salt as 
the compound, for example, a palladium chloride, (PdCl<SUB>2 2H2 O) can be used. 

[0098] (7) When using Os (male NIUMU) as a catalyst element, the ingredient known as a male 
NlUh^ salt as the compound, for example, chlorination male NIUMU, (OsC13) can be used. 

[0099] (8) When using Ir (iridium) as a catalyst element, the ingredient chosen from the ingredient 
known as an iridium salt as the compoimd, for example, 3 iridium chlorides, (IrC13 3H2 O), and the 
iridium tetrachloride (IrC14) can be used. 

[0100] (9) When using Pt (platinum) as a catalyst element, the ingredient known as platinum salts as the 
compound, for example, a platinic chloride, (PtC14 5H2 O) can be used. 

[0101] (10) When using Cu (copper) as a catalyst element, the ingredient chosen from the cupric acetate 
(Cu2 (CH3 COO)), a cupric chloride (CuC12 2H2 O), and the second copper (Cu(N03)2 3H2 O) of a 
nitric acid as the compound can be used. 

[0102] (1 1) When using gold as a catalyst element, the ingredient chosen from three gold chlorides 
(AuC13 xH2 O), a gold chloride salt (AuHC144H2 O), and tetra-chloro golden sodium (AuNaC14 2H2 
O) as the compoimd can be used. 

[0103] These can make a single molecule fully distribute each in a solution. If it is dropped on the 
forming face-ed by which a catalyst is added, it is made to rotate with the rotational speed of 50 - 500 
revolution per minute (RPM) and the spin coat of this solution is carried out, this solution can be opened 
to the whole forming face-ed. If ttie oxidation silicon film with a thickness of 5-1 OOA is formed in the 
silicon semi-conductor front face in order to make uniform wettability with the formed front face of a 
silicon semi-conductor promote at this time, the surface tension of a liquid can fully protect being dotted 
with a solution in the shape of spots on a forming face-ed. 

[0104] Moreover, if a surfactant is added into a liquid, the uniform good condition of getting wet can be 
presented also on a silicon semi-conductor without the oxidation silicon film. 

[0105] These approaches can diffuse a metal catalyst in the shape of an atom into a semi-conductor 
through an oxide film, can make it crystallize by making it spread without making a crystalline nucleus 
(granular) positively especially, and are desirable. 

[0106] Moreover, it is also good to carry out the coat of the organometallic compound to homogeneity, 
to carry out ozone (ultraviolet rays in oxygen (UV)) processing, to consider as a metaled oxide film, and 
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to make this metal oxide film into the starting condition of crystallization to it. If it carries out, since [ to 
write ] the organic substance oxidizes and can carry out evaporation clearance as carbon dioxide gas, it 
can carry out still more imiform solid phase growth. 

[0107] Moreover, if a spin coat is carried out only by low-speed revolution, as for the metal component 
in the solution which exists in the front face, the amount beyond the need will be easy to be supplied on 
the semi-conductor film for solid phase growth. For this reason, a substrate is typically rotated by 2000 - 
5000 revolution per minute 1000 to 10000 revolution per minute after this low-speed revolution. Then, 
all superfluous organic metals can be shaken off and removed to the outside on the front face of a 
substrate, and can fully dry a front face. Moreover, it is effective also in quantification of the amount of 
the organic metal made to exist in a front face. 

[0108] This chemistry formation approach is a imiform layer (continuous layer), without making the 
nucleus by the metal particles for crystallization on a semi-conductor front face. It can be made to form. 
Physical formation is unhomogenious-layer. Although it is easy to become, chemical formation is 
homogeneous-layer very easily. It becomes. If this technical thought is used, in case heat crystallization 
at 450-650 degrees C will be performed, very uniform crystal growth can be carried out over all front 
faces. 

[0109] Consequently, even if it applies a reverse bias electrical potential difference to P-I and the semi- 
conductor which has N-I junction formed using the semi-conductor film which made it crystallize by 
this chemical formation approach, that leak can make the level of 10-12 A accomplish most. By the 
physical formation approach, for example, during 100 P-I junction, 90-100 pieces may become leak of 
10-10 - 10-5 A, and, as for leakage current, 50-70 pieces may become leakage current with big 10-12 - 
10-6A among 100 pieces also by N-I junction. On the other hand, by the "chemical formation 
approach", in 10-13 - 10-8A, and N-I junction, the inside of 100 pieces and 0-2 pieces can set to 10-13 - 
10-8 A, in the OFF state current, under 100 P-I junction and 5-20 pieces decrease [ leakage current ] the 
film of lowering and leak size, and an improvement of a property has them. [ very remarkable ] 

[0110] Moreover, when the semi-conductor film applied on an insulating front face is formed and TFT 
is formed, TFT can make the same remarkable outstanding effectiveness have also with P channel TFT 
(PIP) and an N channelTFT (NIN) mold. Furthermore, compared with the physical formation approach, 
figures double [ about 1-] may also lower the TFT's existence probability for leak to be large for this 
OFF state current value. However, it is the probability for adult TFT of this leakage current to exist in 
order to consider as a thin film integrated circuit using this TFT, to a pan 1/103 -1/109 Carrying out is 
called for. 

[0111] Moreover, they are after heat crystallization which added the catalyst metal by the chemical 
formation approach mentioned above, and a laser beam (248nm or 308nm) to that front face 250 - 400 
mJ/cm2 When it irradiates by strength, compared with the silicone film crystallized especially in the 
field with many metal components to this laser beam, the absorption of li^t is large. That is, the field 
which remains as amorphous structures, such as a metal, is because it becomes black optically. On the 
other hand, the crystal component is transparent. For this reason, melting of this amorphous component 
that remains slightly can be selectively carried out by laser beam exposure, it can be made to be able to 
recrystallize by the ability distributing a metal component, and the metal which exists in that field can be 
distributed in atomic level. Then, in this done coat, a metal field's existence probability can be decreased 
further. Buildup of the leakage current which a metal field serves as a recombination center of an 
electron and a hole, and is produced is canceled. As a result the OFF state current in N-I junction of 
TFT, and P-I junction 1 0- 1 3 - 1 0- 1 2 A, The number of lowering and TFT(s) can also make TFT of 
leakage current size 1-3 pieces also for figures double [ about 1-] among 104-108 pieces. 

[0112] Thus, although hard flow leakage current, i.e., loff, falls double figures and double figures may 
also lower a TFT's of leak size existence probability at the maximum, it is presumed, also in order that 
then, dust may adhere and an organic metal may concentrate the cause of the leak size of TFT which still 
exists on a semi-conductor front face, and the improvement in those properties is improvement in the 
engine performance of an experimental device, and can be checked. Moreover, if the experiment which 
irradiates a laser beam was tried to what carried out heat crystallization, since the metal grain in the start 
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film would become large too much primarily, even if it carried out laser radiation, it carried out melting 
of the semi-conductor and it recrystallized by the physical formation approach, the OFF state current at 
the time of the reverse bias impression in P-I and N-I junction completely might be decreased, 
discontinuous layer of a metal catalyst physical fi’om the above thing As compared with formation and 
the heat crystallization approach accompanying it, formation of continuous layer of a chemical metal 
catalyst, the heat crystallization approach accompanying it, and the semiconductor device formed using 
it tend to acquire the more excellent effectiveness. 

[0113] There is also the approach of forming the gas of metallic compounds, especially an 
organometallic compound on a forming face-ed with a CVD method not using a liquid as the chemical 
approach. This approach has remzirkable effectiveness in reduction of the OFF state current, and 
reduction of the TFT's existence probability for leakage current to be big, like the case where a fluid is 
used. Moreover, although the physical formation approach tends to turn into the uneven "method crystal 
growth approach of non-**" using a metal nucleus, it can be said that the chemical formation approach 
tends to obtain crystal growth with uniform "isotropic growth" using a uniform metal catalyst. 

Moreover, at right angles to the approach to which a longitudinal direction is made to carry out crystal 
growth to a substrate front face, and a substrate front face, this chemical approach can be grown up into 
the upper part side fi'om the semi-conductor bottom, and a lower part side from an upside, and can 
acquire the good electrical property of a semi-conductor. 

[0114] What is necessary is to apply the solution containing a nickel element to the front face of the 
amorphous silicon film, and just to consider as the condition that the spinner removed the excessive 
solution, as mentioned above in order to make a nickel element hold in contact with the front face of the 
amorphous silicon film 108. Here, a nickel acetate solution is used as a solution. 

[0115] When a configuration as shown in this example is adopted, the temperature needed for 
crystallization can be lowered and the time amount can be shortened. Although 8 hours or more need to 
be heat-treated in a 600-degree C heating ambient atmosphere, when a nickel element is specifically 
used for crystallizing the amorphous silicon film 108 in the configuration shown in an example 1 , ^e 
amorphous silicon film 108 can be crystallized on 550 degrees C and the heat-treatment conditions of 4 
hours. 

[0116] However, when the configuration shown in this example is adopted, the concentration of the 
metallic element concerned in the field it can be considered that is the obtained single crystal, or the 
field it can be considered substantially that is a single crystal will become high. Therefore, if not 
cautious of the concentration of the metallic element concerned introduced, the effect of the metallic 
element concerned will appear in the property of the device obtained. 

[0117] It is necessary to make the concentration of the metallic element concerned which specifically 
remains eventually become less than [ 1x1019 atom cm-3 ]. Adjustment of this concentration can be 
performed by adjusting the nickel concentration in a solution, when for example, a nickel acetate 
solution is used. In addition, a promotion operation of crystallization cannot be acquired as the metallic 
element concentration which remains in the silicon film on the occasion of crystallization is less than 
[1x1016 atom cm-3 ]. Therefore, it is necessary to adjust the amount of installation so that the metallic 
element concerned may exist by the concentration of 1x1016 atom cm-3-lxl019 atom cm-3 in the 
silicon film. 

[0118] [Example 6] This example shows the example which obtains the field it can be considered that is 
the single crystal with which field bearing of the top front face has a field (100), or the field it can be 
considered substantially that is a single crystal using the seed crystal which has field bearing of a field 
( 100 ). 

[0119] The condition of having formed in drawing 6 the field it can be considered that is a single crystal, 
or the field it can be considered substantially that is a single crystal is shown. In drawing 6 , 62 is seed 
crystal. And 61 is the field it can be considered that is the single crystal obtained with the crystal growth 
from seed crystal 62, or the field it can be considered substantially that is a single crystal. Moreover, the 
cross section cut with A- A' of drawing 6 (A) is drawing 6 (B). 

[0120] The field it can be considered that is the single crystal shown in drawing 6 , or the field 61 it can 
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be considered substantially that is a single crystal is obtained as a thing with outline 6 square shape. 
[0121] The making process which acquires the condition which shows in drawing 6 is shown below. 

The oxidation silicon film is first formed as substrate film (not shown) on a glass substrate, and the 
amorphous silicon film (not shown) is formed further. And it is made to crystallize by the approach 
which showed this amorphous silicon film to the example 1, and the same approach. That is, the radical 
of seed crystal 62 is formed by crystallizing the amorphous silicon film and performing patterning 
further by forming first the nickel silicide which is the metallic element which promotes crystallization 
of silicon on the amorphous silicon film, and heat-treating further. And laser light while heating at 450 
degrees C - 600 degrees C (the upper limit of this temperature is decided by the strain point of a glass 
substrate) is irradiated, and seed crystal 62 is obtained. 

[0122] Next, the field it can be considered that is a single crystal, or the field 61 it can be considered 
substantially that is a single crystal can be obtained by forming the amorphous silicon film for seed 
crystal in the state of a wrap, and adding predetermined heat-treatment. This condition is shown in 
drawing 6 (A) and drawing 6 (B). 

[0123] Next, the part of seed crystal 62 and an unnecessary part are removed, and the barrier layers 64 
and 66 which become in the field it can be considered that is a single crystal, or the field it can be 
considered in operation that is a single crystal are obtained. Here, seed crystal 62 contains the metallic 
element (here nickel) which promotes crystallization of silicon as shown in an example 1 in high 
concentration. Therefore, it can prevent changing the property of the device produced under the effect of 
a nickel element at the future, or deteriorating by performing the above-mentioned patterning. In this 
way, the condition which shows in drawing 6 (C) can be acquired. 

[0124] By doing in this way, as shown to drawing 6 (A) in 63, 64, 65, and 66, the barrier layer which 
becomes in the field it can be considered that is a single crystal, or the field it can be considered in 
operation that is a single crystal can be obtained. The rest should just produce a thin film transistor using 
this barrier layer. 

[0125] [Example 7] Being shown in this example shows the example in the case of using invention 
indicated on these descriptions to the liquid crystal display of the active-matrix mold which has the 
configuration which also integrated the circumference circuit. The configuration of the outline of this 
example is shown in drawing 7 . 

[0126] In order to be shown in drawing 7 (A), they are the circumference circuits 702 and 703 formed 
on the glass substrate 801 , and the pixel field 704 arranged in the shape of [ which is further driven by 
the circumference circuit ] a matrix. In order to constitute a liquid crystal display, the glass substrate 
which becomes the pair in which the counterelectrode was formed is prepared, and it considers as a 
liquid crystal display by enclosing liquid crystal the substrate shown in drawing 7 (A), lamination, and 
between them. 

[0127] In the configuration shown in drawing 7 (A), it constitutes from a thin film transistor which 
consisted of a field which can consider that a circumference circuit is a single crystal, or a field it can be 
considered substantially that is a single crystal, and is related with the configuration which has arranged 
the thin film transistor which used the amorphous silicon film for the pixel field. The thing using the 
amorphous silicon film as engine performance of a transistor for having used the amorphous silicon film 
for the thin film transistor arranged to a pixel field to control receipts and payments of the charge to a 
pixel electrode is also because practicability is fully acquired. By Ae configuration ****** thin film 
transistor, as compared with the speed of response of liquid crystal, especially in the case of the liquid 
crystal of TN mold currently used abundantly in the actual condition, the working speed of a transistor 
will be too quick, and it will lack stability of operation with the silicon thin film which has the 
crystallinity which is equal to a single crystal. Therefore, it will become high to constitute the 
circumference circuit in which high-speed operation is possible from a thin film transistor which is equal 
to the thin film transistor using single crystal silicon, and to constitute the thin film transistor arranged to 
a pixel field from amorphous silicon film in respect of practicability. 

[0128] The drawing to which a part of circumference circuit 703 shown in drawing 7 (A) was expanded 
is shown in (B). The inverter circuit which constitutes a part of circumference circuit is shown in (B) of 
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a drawing. Actually, a complicated integrated circuit is constituted as such an inverter circuit and the 
configuration needed in addition to this are also. In addition, the thing of the circuit containing those at 
least one is said in a circuit and a shift register circuit for a circumference circuit here to drive the thin 
film transistor arranged to the pixel field, the circuit which treats various control circuits and a video 
signal further. 

[0129] In drawing 7 (B), seed crystal is shown by 705, this seed crystal serves as a radical and the field 
it can be considered that is the single crystal shown by 708, or the field it can be considered substantially 
that is a single crystal is formed. In addition, patterning of the field it can be considered that is a single 
crystal in the phase where a thin film transistor is formed, or the field 708 it can be considered 
substantially that is a single crystal is carried out by the pattern to need, and seed crystal 705 is in the 
condition of having been removed. 

[0130] The example from which the thin film transistor 717 of an N channel mold and the thin film 
transistor 718 of a P channel mold are constituted and which the inverter circuit consists of further as it 
is also at these thin film transistors is shown in drawing 7 (B) using the field it can be considered that is 
a single crystal, or the field 708 it can be considered substantially that is a single crystal. 

[0131] Here, the example which forms two thin film transistors of the thin film transistor of an N 
channel mold and the thin film transistor of a P channel mold all over the field it can be considered that 
is a single crystal, or the field it can be considered substantially that is a single crystal is shown. 

However, what is necessary is just to form file thin film transistor formed all over the field it can be 
considered that is a single crystal, or the field it can be considered substantially that is a single crystal by 
the number to need, as it is also with a number possible again. 

[0132] The process which produces the configuration shown in drawing 7 is explained using draw ing_8 
below. What is shown in drawing 8 is the making process of the thin film transistor connected to the 
pixel electrode formed in the inverter circuit form^ in a boundary region, and a pixel field. In this 
example, the thin film transistor which constitutes a boimdary region is constituted using the field it can 
be considered that is a single crystal, or the field it can be considered substantially that is a single 
crystal. Moreover, the thin film transistor arranged to a pixel field is what used the amorphous silicon 
film, and is constituted. 

[0133] First, the oxidation silicon film 802 of a substrate is formed in thickness of 3000A on a glass 
substrate 801. This glass substrate 801 constitutes one side of the glass substrate of the couple which 
constitutes a liquid crystal display. Next, seed crystal 803 is formed by the approach shown in the 
example 1 . Furthermore, the amorphous silicon film 804 is formed in thickness of 500A. ( Drawin g 8 

(A)) 

[0134] Next, by using together the exposure of heat-treatment and laser light, the field it can be 
considered that is a single crystal, or the field it can be considered substantially that is a single crystal is 
formed in the perimeter of seed crystal 803. Here, laser light is irradiated only to the field of a 
circumference circuit using the excimer leiser light of several cm angle. Moreover, temperature of 
heating is made into 600 degrees C on the occasion of the exposure of this laser light. Since the 
amorphous silicon film is not crystallized even if it heats a short time (the exposure of laser light is for 
several seconds) at the temperature of 600 degrees C, the amorphous silicon film 804 in a pixel field is 
not crystallized. The temperature of this heating is good as high as possible to carry out temperature in 
the range which does not have a damage in a glass substrate. Moreover, in order to heat the silicon film 
for a short time, the heating approach by the exposure of infrared light is used here. 

[0135] In this way, conversion of the field shown with the slash of 805 of drawing 8 (A) can be carried 
out to the field it can be considered that is a single crystal, or the field it can be considered substantially 
that is a single crystal. Moreover, fields other than slash 805 are in the condition with the amorphous 
silicon film in this condition. 

[0136] Next, by performing patterning, the barrier layers 806 and 807 of the thin film transistor arranged 
in a circumference circuit are formed. The barrier layer 808 of the thin film transistor simultaneously 
connected to a pixel electrode is formed. In this condition, it consists of a field it can be considered with 
barrier layers 806 and 807 that is a single crystal, or a field it can be considered substantially that is a 
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single crystal. Moreover, the barrier layer 808 consists of amorphous silicon film. 

[0137] Next, the oxidation silicon film 809 which functions as gate dielectric film is formed in thickness 
of lOOOA. and a scandium - 0.2 wt% - the gate electrode 810, and 81 1 and 812 are formed by forming 
the contained aluminum film in thickness of 6000A with a spatter or electron beam vacuum deposition, 
and performing patterning. An oxide film on anode is formed in the perimeter of a gate electrode by 
performing anodic oxidation which furthermore made these gate electrode the anode plate into the 
electrolyte. In this way, the condition which shows in drawing 8 (B) is acquired. 

[0138] First, the mask of the field to form the thin film transistor of an N channel mold in with the resist 
mask 800 is carried out, and B (boron) ion which is the impurity which gives P type to silicon is poured 
in. Impregnation of ion is performed using ion-implantation or the plasma doping method. Furthermore, 
a bonnet and P Rion are poured in for a field to use eis the thin film transistor of a P channel mold with a 
resist mask (not shown). By irradiating laser light after termination of these ion-implantations process 
(not shown), annealing of Ae breakage accompanying activation of the poured-in ion and impregnation 
of ion is performed. 

[0139] In this way, as shown in drawing 8 (C), the channel formation field 814 is formed in the source 
field 813 of the thin film transistor (PTFT) of a P channel mold, the drain field 815, and a pan. 

Moreover, the source field 818, the drain field 816, and the channel formation field 817 of a thin film 
transistor (NTFT) of an N channel mold are formed. These two thin film transistors are arranged in a 
circumference circuit, and consist of a field which that barrier layer can consider is a single crystal, or a 
field (C-Si) it can be considered substantially that is a single crystal. 

[0140] Moreover, it is formed simultaneously with the source field 819 of the thin film transistor 
arranged to a pixel field, the drain field 821, and the channel formation field 820. The thin film transistor 
arranged to this pixel field consists of amorphous silicon film (a-Si). 

[0141] The process which forms these sources / drain field, and a channel formation field by 
impregnation of impurity ion is performed in self align. 

[0142] If the source / drain, and the channel formation field of each thin film transistor are formed, the 
oxidation silicon film 822 will be formed by the plasma-CVD method in thickness of 6000A as an 
interlayer insulation film. Furthermore a contact hole is formed and the common drain electrode 824 of 
the source electrode 823 of the thin film transistor of a P channel mold and the thin film transistor of a P 
channel mold which are arranged to a circumference circuit field, and the thin film transistor of an N 
channel mold, and the source electrode 825 of the thin film transistor of an N channel mold are formed. 
Moreover, the source electrode 826 and the drain electrode 827 of a thin film transistor of an N channel 
mold which are simultaneously arranged to a pixel field are formed. These electrodes consist of three- 
tiered structures which sandwiched the aluminum film by the titanium film. 

[0143] The ITO electrode 828 which furthermore constitutes a pixel electrode is formed. In this way, the 
thin film transistor which constitutes the circumference circuit formed on the same glass substrate using 
the field it can be considered that is a single crystal, and the thin film transistor using the amorphous 
silicon film arranged to a pixel field can be formed simultaneously. Thus, while constitutes the active 
matrix liquid crystal display shown in drawing 7 , and a substrate is completed. In this way, the obtained 
configuration can regard 2 set [ 1 ] as having formed the thin film transistor using seed crystal 805. 
[0144] After acquiring the condition which shows in drawing 8 (D), the interlayer insulation film of a 
two-layer eye is formed further, and the orientation film is formed on it. And a coimterelectrode is 
formed on the glass substrate which counters and the orientation film is formed too. The glass substrate 
of the couple which produced by performing orientation processing after that is made to rival. By finally 
enclosing liquid crystal between the glass substrates of this couple made to rival, the liquid crystal 
display panel of a active-matrix mold is completed. 

[0145] The liquid crystal display as shown in this example has the configuration which unified the 
circumference circuit, and can constitute it lightweight in a compact dramatically again. 

[0146] In this example, using seed crystal 805, the thin film transistor of the couple of an N channel 
mold and a P channel mold was formed, and the example which constitutes this in a complementary 
type was shown so that drawing 8 might show. However, this is good also as one pair of thin film 
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transistors of the same channel mold. Moreover, the thin film transistor of the couple of an N channel 
mold and a P channel mold may be formed, and this may be constituted so that it may operate 
independently. 

[0147] [Example 8] In a configuration as shows this example to drawing 7 (A), a pixel field is an 
example constituted as it is also in the field of the crystalline silicon film it can be considered that is a 
single crystal as shows only a circumference circuit to drawing 7 (B) as a configuration of the passive 
mold which does not use a thin film transistor, or the field of the crystalline silicon film it can be 
considered substantially that is a single crystal. 

[0148] If complicated image information is not displayed, it is known that it will be used enough with 
the liquid crystal display of a well-known STN mold. For example, the liquid crystal display of a STN 
mold is used for the information equipment (the word processor and personal computer of a note type) 
of the pocket mold which just performs the display of an alphabetic character, a figure, and an easy 
graphic form. However, the actual condition is using external IC for the circumference circuit arranged 
in Ae perimeter of a pixel field. 

[0149] When extemd IC circuit is used, the thickness of a liquid crystal panel will become thick, and 
weight will also become big. Then, in the configuration shown in this example, the liquid crystal layer 
and the circumference circuit should be unified on the glass substrate by constituting from a circuit as 
shows only a circumference circuit by drawing 7 (B). By doing in this way, it can consider as the 
electrode for adding electric field between the glass substrates of a couple at a liquid crystal layer and 
this liquid crystal layer and wiring, and the configuration that integrated the circumference circuit as 
further shown in the perimeter of a liquid crystal layer by 702 of drawing 7 (A), or 703. Moreover, since 
it integrates to the field whose width of face is several mm, the circumference circuit 702 and 703 can 
make the whole configuration very compact. 

[0150] 

[Effect of the Invention] By forming the field used as seed crystal selectively, the field it can be 
considered that is a single crystal, or the field it can be considered substantially that is a single crystal 
can be formed in the field of arbitration. Moreover, this field can be formed on a glass substrate. When 
invention indicated on these descriptions is used, the configuration which integrated the circumference 
circuit of the liquid crystal display of a active-matrix mold on the glass substrate can be realized. It shall 
have a property equivalent to the thing [ thin film transistor / which constitutes a part of circumference 
circuit / at least / especially ] using single crystal silicon, and can contribute to the further lightweight- 
izing and the further thin-film-izing of a liquid crystal display. Invention indicated on these descriptions 
can be used for the photoelectrical inverter which used the thin-film diode and the thin film 
semiconductor besides applying to a thin film transistor, or a photosensor and a pan at a pressure sensor. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing I] Drawing showing the process which produces the field it can be considered that is a single 
crystal, or the field it can be considered substantially that is a single crystal. 

[Drawing 2] Drawing showing the condition that the field it can be considered that is a single crystal, or 
the field it can be considered substantially that is a single crystal carried out crystal growth, and carried 
out. 

[Drawing 3] Drawing showing the process which produces the field it can be considered that is a single 
crystal, or the field it can be considered substantially that is a single crystal by the exposure of laser 
hilt. 

[Drawing 4] Drawing showing the process which produces the field it can be considered that is a single 
crystal, or the field it can be considered substantially that is a single crystal by the exposure of laser 
li^t. 

[Drawing 5] Drawing showing the process which produces a thin film transistor using the field it can be 
considered that is a single crystal, or the field it can be considered substantially that is a single crystal. 
[Drawing 6] Drawing showing the process which produces the field it can be considered that is a single 
crystal, or the field it can be considered substantially that is a single crystal. 

[Drawing 7] Drawing showing the configuration of the liquid crystal display of a active-matrix mold. 
[Drawing 8] Drawing showing the process which forms simultaneously the thin film transistor of the 
circumference circuit of the liquid crystal display of a active-matrix mold, and the thin film transistor of 
a pixel field. 

[Drawing 9] Drawing for defining the angle of rotation consisting mainly of a crystallographic axis and 
a crystallographic axis. 

[Description of Notations] 

101 [ ] Glass Substrate 

102 [ ] Substrate Film (Oxidation Silicon Film) 

103 [ ] Amorphous Silicon Film 

105 [ ] Crystalline Silicon Film 

106 107 Seed crystal 

108 [ ] Amorphous Silicon Film 

109 1 10 The field it can be considered that is a single crystal, or field it can be considered substantially 
that is a single crystal 

1 1 1 [ ] Grain Boundary 
501 502 Barrier layer 

503 [ ] Gate Dielectric Film 

504 505 Gate electrode 

512 [ ] Interlayer Insulation Film 

513 516 Source electrode 

514 515 Drain electrode 
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61 , 63-66 The field it can be considered that is a single crystal, or field it can be considered substantially 
that is a single crystal 

701 [ ] Glass Substrate 

702 [ ] Circumference Circuit Field 

703 [ ] Circumference Circuit Field 

704 [ ] Pixel Field 
705-707 Seed crystal 

708-710 The field it can be considered that is a single crystal, or field it can be considered substantially 
that is a single crystal 

717 [ ] Thin Film Transistor of P Channel Mold 

718 [ ] Thin Film Transistor of N Channel Mold 

801 [ ] Glass Substrate 

802 [ ] Substrate Film (Oxidation Silicon Film) 

803 [ ] Seed Crystal 

804 [ ] Amorphous Silicon Film 

805 [ ] Single Crystal or Field it Can be Considered Substantially that is Single Crystal 
806, 807, 808 Barrier layer 

809 [ ] Gate Dielectric Film (Oxidation Silicon Film) 

810, 81 1, 812 Gate electrode 

813, 818, 819 Source field 

814, 817, 820 Chaimel formation field 
815,818,821 Drain field 

800 [ ] Resist Mask 

822 [ ] Interlayer Insulation Film 

823 [ ] Source Electrode 

824 [ ] Drain Electrode 

825 [ ] Source Electrode 

826 Source Electrode 

827 [ ] Drain Electrode 

828 [ ] Pixel Electrode 

901 [ ] Crystallographic Axis 

902 [ ] Angle of Rotation Centering on Crystallographic Axis 

903 [ ] Field it Can be Considered that is Single Crystal, or Field it Can be Considered Substantially that 
is Single Crystal 
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CORRECTION OR AMENDMENT 

[Kind of official gazette] Printing of amendment by the convention of 2 of Article 1 7 of Patent Law 
[Category partition] The 2nd partition of the 7th category 
[Publication date] July 19, Heisei 14 (2002. 7.19) 

[Publication No.] JP,8-321466,A 

[Date of Publication] December 3, Heisei 8 (1996. 12.3) 

[AnnuEil volume number] Open patent official report 8-3215 
[Application number] Japanese Patent Application No. 7-128920 
[The 7th edition of International Patent Classification] 

HOIL 21/20 
21/268 
27/12 
29/786 
21/336 

[FI] 

HOIL 21/20 
21/268 Z 

27/12 R 

29/78 627 G 

[Procedure amendment] 

[Filing Date] April 19, Heisei 14 (2002. 4.19) 

[Procedure amendment 1] 

[Document to be Amended] Description 
[Item(s) to be Amended] The name of invention 
[Method of Amendment] Modification 
[Proposed Amendment] 

[Title of the Invention] The production approach of a thin film semiconductor device 
[Procedure amendment 2] 

[Document to be Amended] Description 
[Item(s) to be Amended] Claim 
[Method of Amendment] Modification 
[Proposed Amendment] 

[Claim(s)] 

[Claim 1] The process which forms the 1st amorphous silicon film on the substrate which has an 
insulating front face. 

The process which crystallizes said 1st amorphous silicon film by giving energy. 
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The process which forms the field which serves as seed crystal by performing patterning to said 
crystallized silicon film, 

The process which forms the seed crystal which etching which has selectivity to the predetermined 
crystal face was performed [ seed crystal ] to the field used as said seed crystal, and made the 
predetermined crystal face remain. 

The process which covers said seed crystal and forms the 2nd amorphous silicon film. 

It has the process to which crystal growth of said 2nd amorphous silicon film is carried out from said 
seed crystal by giving energy. 

The production approach of the thin film semiconductor device characterized by using for a barrier layer 
said silicon film which carried out crystal growth. 

[Claim 2] The process which forms the 1st amorphous silicon film on the substrate which has an 
insulating front face. 

The process which crystallizes said 1 st amorphous silicon film by giving energy. 

The process which forms the field which serves as seed crystal by performing patterning to said 
crystallized silicon film. 

The process which forms the seed crystal which etching which has selectivity to a field (111) was 
performed [ seed crystal ] to the field used as said seed crystal, and made the field (111) remain. 

The process which covers said seed crystal and forms the 2nd amorphous silicon film. 

It has the process to which crystal growth of said 2nd amorphous silicon film is carried out from said 
seed crystal by giving energy. 

The production approach of the thin film semiconductor device characterized by using for a barrier layer 
said silicon film which carried out crystal growth. 

[Claim 3] The process which forms the 1st amorphous silicon film on the substrate which has an 
insulating front face. 

The process which crystallizes said 1st amorphous silicon film by giving energy. 

The process which forms the field which serves as seed crystal by performing patterning to said 
crystallized silicon film. 

The process which forms the seed crystal which etching in the gaseous phase using N2H4 was 
performed [ seed crystal ], and made the field (111) remain to the field used as said seed crystal. 

The process which covers said seed crystal and forms the 2nd amorphous silicon film. 

It has the process to which crystal growth of said 2nd amorphous silicon film is carried out from said 
seed crystal by giving energy. 

The production approach of the thin film semiconductor device characterized by using for a barrier layer 
said silicon film which carried out crystal growth. 

[Claim 4] The process which forms the 1st amorphous silicon film on the substrate which has an 
insulating front face. 

The process which crystallizes said 1st amorphous silicon film by giving energy. 

The process which forms the field which serves as seed crystal by performing patterning to said 
crystallized silicon film, 

The process which forms the seed crystal which dry etching using C1F3 and N2H4 was performed [ seed 
crystal ], and made the field (111) remain to the field used as said seed crystal. 

The process which covers said seed crystal and forms the 2nd amorphous silicon film. 

It has the process to which crystal growth of said 2nd amorphous silicon film is carried out from said 
seed crystal by giving energy. 

The production approach of the thin film semiconductor device characterized by using for a barrier layer 
said silicon film which carried out crystal growth. 

[Claim 5] The process which forms the 1st amorphous silicon film on the substrate which has an 
insulating front face. 

The process which crystallizes said 1 st amorphous silicon film by giving energy. 

The process which forms the field which serves as seed crystal by performing patterning to said 
crystallized silicon film. 
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The process which forms the seed crystal which etching which has selectivity to the predetermined 
crystal face was performed [ seed crystal ] to the field used as said seed crystal, and made the 
predetermined crystal face remain, 

The process which covers said seed crystal and forms the 2nd amorphous silicon film. 

The process which processes said 2nd amorphous silicon film in the shape of a rectangle so that said 
seed crystal may be arranged at the part of an angle. 

It has the process to which crystal growth of said 2nd amorphous silicon film is carried out from said 
seed crystal by irradiating scanning a linear laser light. 

The production approach of the thin film semiconductor device characterized by using for a barrier layer 
said silicon film which carried out crystal growth. 

[Claim 6] The process which forms the 1st amorphous silicon film on the substrate which has an 
insulating front face. 

The process which crystallizes said 1st amorphous silicon film by giving energy. 

The process which forms the field which serves as seed crystal by performing patterning to said 
crystallized silicon film. 

The process which forms the seed crystal which etching which has selectivity to a field (111) was 
performed [ seed crystal ] to the field used as said seed crystal, and made the field (111) remain. 

The process which covers said seed crystal and forms the 2nd amorphous silicon film. 

The process which processes said 2nd amorphous silicon film in the shape of a rectangle so that said 
seed crystal may be arranged at the part of an angle. 

It has the process to which crystal growth of said 2nd amorphous silicon film is carried out fi-om said 
seed crystal by irradiating scanning a linear laser light. 

The production approach of the thin film semiconductor device characterized by using for a barrier layer 
said silicon film which carried out crystal growth. 

[Claim 7] The process which forms the 1st amorphous silicon film on the substrate which has an 
insulating fi-ont face. 

The process which crystallizes said 1st amorphous silicon film by giving energy, 

The process which forms the field which serves as seed crystal by performing patterning to said 
crystallized silicon film. 

The process which forms the seed crystal which etching in the gaseous phase using N2H4 was 
performed [ seed crystal ], and made the field (111) remain to the field used as said seed crystal. 

The process which covers said seed crystal and forms the 2nd amorphous silicon film. 

The process which processes said 2nd amorphous silicon film in the shape of a rectangle so that said 
seed crystal may be arranged at the part of an angle. 

It has the process to which crystal growth of said 2nd amorphous silicon film is carried out from said 
seed crystal by irradiating scanning a linear laser light. 

The production approach of the thin film semiconductor device characterized by using for a barrier layer 
said silicon film which carried out crystal growth. 

[Claim 8] The process which forms the 1st amorphous silicon film on the substrate which has an 
insulating front face. 

The process which crystallizes said 1st amorphous silicon film by giving energy, 

The process which forms the field which serves as seed crystal by performing patterning to said 
crystallized silicon film. 

The process which forms the seed crystal which dry etching using C1F3 and N2H4 was performed [ seed 
crystal ], and made the field (111) remain to the field used as said seed crystal. 

The process which covers said seed crystal and forms the 2nd amorphous silicon film. 

The process which processes said 2nd amorphous silicon film in the shape of a rectangle so that said 
seed crystal may be arranged at the part of an angle. 

It has the process to which crystal growth of said 2nd amorphous silicon film is carried out fi-om said 
seed crystal by irradiating scanning a linear laser light. 

The production approach of the thin film semiconductor device characterized by using for a barrier layer 
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said silicon film which carried out crystal growth. 

[Claim 9] Said linear laser light is the production approach of the thin film semiconductor device 
characterized by being scanned in the direction in which the area of said 2nd amorphous silicon film 
becomes large in any 1 of claim 5 thru/or claims 8. 

[Claim 10] The production approach of the thin film semiconductor device characterized by using one 
sort or two or more sorts of approaches chosen fi"om heating, the exposure of laser light, and the 
exposme of strong light as how to give said energy in any 1 of claim 1 thru/or claims 9. 



[Translation done.] 
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mun^-xyif^titz.^<nm<Dm.mm\z\i.. m 
*t0.001 ~latB ?6-&^nTi3D. :0i-3a*®iiea{bi£ 
8ifi-r5^«7C3fl)&n X 1 0''H^~5X 1 0’«M^c 
m-’ ©aa-e^stiTVis ztmmt-r^^mi^(Dif 

mm. 

[I»«a2 3] l»^«2 1 ifcHM«a2 2 fci5ViT, 
A3^-- 2 ®aSR>lil::tt. 
iisasi#*s*HWfc4«bT:fe er. 




( 4 ) 
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5 

0.001 

X 1 0“~5 X 1 0*«Jg 

^ c m- » ©»*T#*nTi5 tj , 

X I o”~5xi o'»®^cm->0 

«ST^SnT:feO, 

fi^-D-yiDVffilX 1 0“~1 X 1 

*r^snTv^5 :i t 

[mm4] ««« 2 1 2 2 tc^tev^ 

T. iPiR. U-1f-3t0 

»3t0Rgw;o^e.a«nia*fc«a[»as®;&jS lo 
s t- * ttSBM (cffjffl-r s :i t t-r 2 >#a 

[«^«2 5] «««2 lS«;ttfl!«a2 2tZ:feVi 

T, a«eS(tasa«icaiBu**^^0u— 9'-)t*fc 

ft. 

[«:«a2 6] «^a2 lSfctta^«2 21C:feV^ 

T, ^i0a«Rica5bTa*®iigftft:&iais-r4^« 

13^. 

i««a2 7] a«a2 is/i:«a«a2 2ir^vi 
T> S*®i|ga^k«l&S1-?.^M7C«tbTX«y'^;V#t 
fijffisns :: 

[««a2 8] a^«2 isfctt««a2 2»r*i> 

T. s«®iies{k*«is-rs^a7c*tuT. Fe. c 

o, Ni, Ru. Rh. Pd. Os, I r, P t. C 
u , A u ;o> p.a«nfc-a* fc«a»aa®^B:>><fjffl 

[R«a2 9] a«a2 isfc««*a2 2ic:fe(.> 

T, aiSft®;*:tS&0.1 ~5wm^ft'5::i:S:!^a 

[«^]13 0] »:^a2 lSfctt«^a2 

T, aiie«®;*c€?$S0.1 -^2 uraA 

[»^a 3 1 ] *6a^ffl$rr5Sfi±ic^ 1 ®«a 

X^)V^- Wie® 1 ®a*R*i|gft 

1 (D^mm\z3!nyxn^-x>'f^n-rct\z^ 

xy^'yif^m-r^t^z^r) Msaiiea t * v^rsfs® 

*ga®&aj?wicsi¥s-a:sist, 

C t tci: DS5iB^ 2 ®a*R{c;feV» 
TWiEai!ga;!i' 6 m^^^^nfxTxmt, 
#aia®2®a?gRSA^-x>i7L, wKaBS®#ffi 
t^wsSL^'>fs.< 

ilffiailea*^#^Ebfca^ssR^T^!»a:< t%2^ m 
® 4 ^ a ^$: S «£ JgfS - rsxSi . 



t 9 l 2 / l 3 '- x >^^ sn ; t ^® m 2 ® a * lfi ' Plc «. ** 

**0.001 ~iatn 9i^*nTi5 0, *oaa®iigafl:?& 

X 1 1 X 1 

m- » ®««T^*nTi> 5 ^ t =£i#a t-r 

(nmm. 

[a«a3 2] ««a3it*v^T. 

n^-xy^-^ixlt^m 2 ©aBR'Ftctt, 

<eaSI^**IIH&51::#ffibTi5 ^1*. 

*'-:3 jS 5^ RS £ >PSi-r 5 fc ® ® ** S fc tt A n y >7C*** 

0.001 ~iM^%®«a?-&snT*o. 

1fix>mk^X.n^noU=f-1fi 1X10'‘~5X10'»M 
m->®«af‘r-&SnTi5 0 . 

*oKR®IS^** 1 X 1 0‘'~5X1 0”HTcm-»® 

««-C^SnT45D. 

*ox>>yjPSl X 1 01®~1 X 1 O'^sfcm-^®* 

ft. 

[0 00 1 ] 

immxmmm ny 

iikmmm^m\zmi>. r®iigftttaaR 

n'(7.mmtmmzm^. 

[0 00 2] 

«±ic»sE$nfc»RaiH¥a<^R (W$fts~»=PA 

30 mm 

SnTVi-5. »Rh7>':?X5'®>6:ffl**-»m3nT 
Vi-5®tt. 7i7r><'yvb'Jii'X5!®fta^^&«T* 
s . Ti 7 x > fy - 7 Fue / xi !® fta ^^ s « a . -^® 
^7X*[glWlCtta&ftAT«»bfcaB!cS#bTV^ 

•5. sfc. ftwx»s®7h'ji^xi^icss$nfc®* 
«a®^-n^nic»R h 7 >>^x^'&E«b&a^st 
UTV^S, Jl®a:'5*a^(C^5ViT«, ^7X*tR±lC 

»R h 7 

[0 0 0 3] 3}y7.^mxizmmhyyy7.i^^m^t 
40 sttt. ijy7.mm±\zmmhyyy7.i^^m^t^fi. 
®®aR¥aft&j^^T«)i2'B***5. iJy7.mmx\z 
msa^n^mm^mi^tLxu. y^xvcvDft^M 
jEiBscvDft-ejg^^rnsi^asa*® (7tiV7rx 
'>U3>R) **HKfCfiJffl^nTV^S. 

[0 0 0 4] 

«h7>'XX^'**«fflft$nTV^5**. iDSUBS®* 
jeatt £^ rbfca 5 g 4 ia#:»R (^ 
attSlflRtV^^) £?ijfflbfc»)!gh7>vx^**£'g 

■^n^. 

so [0 0 0 5] ^J7XS®S±l;:iieattS*RS:fKR-r^. 
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3 2 0 5 9 

m^&-2 4 4 1 0 3^i^«tzfa«sn&ft 

n t o. 

5 5 ot:, 4i^iBg 
sonDi^iaacioT. !iesi4a*K£:y7;^*s±t 

[0 0 0 6] bJl'b. 

ensiigatta3(iK[4< &ttstjm?s^Atu-i5i»s^ 
&*CD»R h 3 ^ >v a (C?ijffl-r S H tttT? 

;in», ^®lgatt;5<^EbTi5 0, mtt 
STfes. 

[0 0 0 7] 7i^x>c:^vi'Ui7:^ie!fflaEii^^g[i4> 

Klt^nfc»R h 5 ^Ki|-r 4 fc®®Killal?S 

^K«i®#£®Oa-s>fcDfilWfS0IS. #8fll«Srfa 
1 g-r^?Httlil*S^) 4 i!K>Si: 3 ns. 

[0 0 0 8] rne®isiK®'t>T. efe«t^^«:®oao 
fe 0 «»p-r 5 sEttniKictt. 

il^»®mi(Sa'i 7 XA-&fflVifcll«liI»{:izEiti[t 2 > 1 tE 20 
«£-pT, ^f5A«ffi±t:jgfigSns»R 
ViT ^n 6 ligSSlIRft b<fc 5 tt 2 .«^. 
¥*gaicizE«f^.J8att^wi/;fcieftttaR«&^f5x 

[0 0 0 9] 

tt, #enfciiefitta«Rfc^t^bT, «s®jn!iMaa^ 

e.ns. b^'b, Dpj»j0.a^b— tf-^®row&iit))i 
bTt), *l«*itefttt®l^±ttS«l?*^-<!:j5SWBt 

[0 0 10] sfcsois*$?ijffl-rs;itfcj:o, ^ 

i|g®a5!S5*ll!i&#SS^I!r'b9f^$nTV>S;&t, 

V>. i^lc, ¥ilga’i7XA-€;fflVifc«^, 

s$n5®T, -^a^nssTO^aA^nstBiZiSn^Affl 
s o i sigsfijffl-r* r 

t«SRT*5. 

[0 0 11] 

«5»^is&=rrss«i. i$(c;y5xs«±fc^«e 
d®R«?£ffl 

V^T»R H 7 lcRgSn*»R4‘«{^5^7H X 

[0 0 12] 

[is)S£»^-r 5 fc»®^ii:] 5 ISW 

«5»g®£#t--5S«±tC^ 1 ®¥iW#:IS& 

^ 1 ®4^9>(|:|R^iga[b^#5XSt, WE® 1 ®¥* 
m\zKibxn^-=.yifmt::tiz^t}, 
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■/ii,mm^j^^-ri>xmt. xy=^yif^mtz.t\zi: 
0 WESi|gftlc*V^T^)fe®i!S®® 
zxmt. wE«ifes£«oT®2®4^#{i^Rsi^fiE-r 
Siet. x:^^;U=¥-S4A5llttj:0WE®2®4^ 
a#:Ric43i^TWESiiea!5' ^ ®)igai£fi&fffc-rxg 
t. swrsxtsrii^afrs. 

[0 0 13] ±E«^1C45V»T. ®l*J:t;®2®¥a 
#:RtbTtt. Sfc- 

jRMttt. a*RttcvDSTjESiR$n5#^asia*R 

10 

[0 0 14] Bf5£®aaiisaiR«t«#sii-sott, 

<k 0 ^teai'ifiv^iieafca^. j: 5 (caai«a?£ff fcffc 
*T*s. 0r5£®ji8affi&0i#^-a-5®tt, ^«®*sa 
ffiicMbTS«?tt&^-r5xy^>:7^a£¥ijffl-rna 
<tVi. Hj 0&63.3ft%, KOH'£23.4*t9«, 

•I” V 7n A y — ;v&i3. 3rt % oSaii^ttTJi-p S itfc 
xv^^y\'^m\^-^i>z.t\z^ox. (ioo)®sa 
iteStbT (10 0) ffi 
T«fcnfcaiga&a#?«i:ai¥^-ii-s 
[0 0 15] tit. bVyyy (Ns Ht ) 
mxoixy^yifm^ctx. (1 1 1) ffi^aiR 
Xy9y9 

;*fXtbT> ClFj tNz H4 t^m\<^1tYy'(Xv 

^yif\ZiiyX. (Ill) 

i>. 

[0 0 16] Sfc±E#l0ct:feltSX^Jl'=^-®4AA' 
fctbXtt, WW, b—!f-)t®fl8W, ^®R8WA>e. 

aan i 

fc?ijffl'r5b:t*t-cte. jDWb;s*^6.®b“ 

30 uamoimzu-^-mmiiti>zt 

mmtv~^~%om.m^mz^^zLb^. y- 
if-yemaowzm&if^iztAfx^^. 

if-3t®^^to 0 J: (ri. 

[0 0 17] 4^#fl:RdibTa*R£?'JfflU X^;i^=f 
-s4A-5 2itt^oT, ssa*R£iiea(fcs-a:«>« 
ai!i®aaib&wa-rs^S7n*&#tjfflX5;it 
WA«> ^^XvCVD^^RffiWCV 
DSTfKRb)tlfa»a*RSl)DS»lcj:-5Tiea[b^Fit 
J; 5 t-r «.«-&, 6 0 0 'C£(±®fi«X 1 0 ^W&(±® 
40 a*®«ga'fb£Si;i-r«)^ 

«7C9H^£fJfflbfc«^, 5 5 OX), 4^ffi®Jn«SJ!iax 

[0 0 18] a*®iiga[b&8!)fixs^«7c*tbT 

fc, Fe, Co. Ru, Rh. P d. Os. I r. P 

t. cu. Aud'esBnfc-a*fctt«»a®®^^ 

ASfiJffl'T'SlIlifc-rS.S. i|$fc. Fe, Pd. Pt, C 

u, AuBNltC^<^*S:#5b:t*SX^5. 

[0 0 19] ajga)*'6.®iiea^*^fft>x;itx. bu 
50 5t®iS«t#*ga<!:^;^-It5j««SfcB^SWfc#ifea 




(6) 



!RfM¥8-3 2 1 46 6 



9 

TIB®^ft=?£«Hfc LT««SnS. 

001 ~llg^%0««■T^&^TVi5. 

• 1 X 1 0“~5 X 1 

cm-»0«ST&^■T?i3t3. 

■ai*®®^&ixi 0”~5X 1 0‘>®^-cm->®* 

[0 0 2 0] te®%?9®«fi6«. 

we»i®«*k 

5iSt, 

jflR&iieaft^it-SXgi:, WE3I1 ®a*R(cMLT 

xv^yif^m^t\zii'onumms, 
{C^3V>TRif^®JSa;&<4&aWMlC5SSF3-ti'SXSi:. 
t9Ea*ga&«-3T?g2®a*IR«:}e^-r5XSi:> M 
lam 1 ®a*K±{cs*®fea{b^8!)a-r*&)»7c*s 20 

S5LT«»S-B--6Xei:. 

0 WES 2 ® a*Ric* v^TirEaaa*' e ®iiea^a 
sfTb-rxsi:, 

[0 0 2 1] <fi®^?^®#isca, 
±(cSl®a*K&J^^tSXSi:, 

^zt\z^^ WES 1 ®asifi&*sa{bs€axst. 

WES 1 ®aS«tcMUT/t^'-x>i^«:S-rr ttci 
0, mtfs&tf3.i>m*s,t:m^'ri>xnt. xy^>ifi 
sf :i t ic<t 0 wEaaaic:fev>Tm^®i6a:^fi&a 
«e5ts#s-a:5xgi;. wEaj|ga!&«oTS 2 ®a 30 
*S&JgfiET5xat, x:^)V^-m^^ct\zi:r) 
WES 1 ®asiiiic*v^TWEaiiga;«'e®iiea^s& 
fffcfxat, '>J5:<i;'bWEai|ga?Jil^^SnTt>i 

5. 

[0 0 2 2] ±e«j3cic*v>th, #e.nfcgtt»®s 
c:®S« 

«< i|ga«tl1^^^^HWlc#ffibTi3er, 40 

'f’?a-r-5fcje>®***fc«ADy>7c*so.ooi ~i® 

1 X 1 0>'~5 X 1 0'»li^cm-^®«ST■&^-^?:fc 
*). :SoW?g®®^?:lxiO”~5XlO'»®^cm 

- * ®«ST^^-e^i5a«^: bT;£a3n?), 

[0 0 2 3] flfi®^Bj®Sf£e. 
±tsi®as^a£jg®-r-5iai:, x^;v=¥-s^a 
2. c: t (c J; 19 WES l ®S*K£i^aft5ii-«>xai. 
WES 1 (Dmmm\zMLx/M'-x>'fi:mtct\z^ 
t), xy^>if^ so 
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M-rn tfcj; D WEaiigaic*viT9f!£®iiga*tt®:a 
SiWtcS#3ii-5Xgt, WEaiWa&«oTS2®S 
niR-^mm-^xut. A^'-x>i^^£m^S2®a^i 
isi^mmz^m^xut. 

t) WES 2 ®asKic^i>TWEaiisa*' e. ®#sa 

^Si^nt>txut. '>*< tfeWEaiiea;!i<]gj«sn 
2 ®a*KlC^t bTff 

xst. &^b, mmm^izmf&^nfzf^ 2 mm 
10 ®ft®»i>cwEaiea£ft«s**-i:£ifai-r 

i. 

[0 0 2 4] ±ES^&fJfflbfc^{i^WS:a&031C^ 

■r. 03 tea, jg]gtta®^3nfc#aK3isifi3 0 2 
®ftica?5>3 0 4(caiiea3 0 3&(i«s-ii:. ^<om 
i)^^mmz]d-Atax-^nrzb-^-mM^bfiifi^ 
istr 2 .;itaj:t)T, i^aMS*R3 02 shafts 

ii-«.Sfl)cA*E«$nTli5. 

[0 0 2 5] 0 3t*lriTB. 4^]^tca*R3 0 2 
(#aKS5tis) &A^-x>-i/-r5w*^snTVi2> 
i)\ rna. 

[0 0 2 6] W®58W®«^ti. 
±»cSl®a*«&]^JKt«.Xgi;. x^)V^-i:4^ 
«. t a j: D WES 1 ®a*«&iigafl:s^^xei:, 

WES 1 ®aSRlc^iH/TA^'-->i/SSt r tic J: 

«-r j: t a J: D WESISa 1143 V'T0f «® il6a:&(i&a 
D?«»ca#s-ii-«.xsi:< WEa«eas«oTS2®a 
^m^m^t^xmt. A^-x>'5^sffv»S2®s* 
m^^nmmzm^ri>xmt. 
t aj: »9 WES 2 ®SHfKai5t^TWEaJ|ga:6' e.®iK 
a^a?£fTt)-rxgt, '>/3:<t-bWEaiiea75*]g^:^ 
nTV'6S«=£li^*T5 :: t &'§rtrA^'“->i'sWE 

s 2 ommmizidbxm^^mi^^mm^fs^m^t 
^xnt. mb. 

SR® ft ® ic WEatea !£<4«3 its - 1 mwi t 
■r^>. 

[0 0 2 7] ±ES^®a«:Wft«^&04a^t. 04 
aa, :^-L.'4.~xm(D 5 nmizns'-x.y if 
a«^SR4 0 1 ®ft®«R^^ 4 0 3 aa^a^fices 
■&. ^®4 0 3®w5j-;5>e.attaif-AWx3nfcb- 

#asa 

SR4 0 1 mmbr^mmm-^nx\,^^. 

[0 0 2 8] 04ca, mmm^5m\zni'-~yi' 
t^mifi^-^tvx^'>^i)b ;ina, ^ecft®#v^^ft 

jgtbTfciv^, tztzb. 
\zn(DAmi)i:k^<fs.^zt\zfs.y). 
ff S-a:-£.?SS**^«'> bT L * 5 . 

[0 0 2 9] w®^?g®a^a, *6i&a®^^-rs*a 
±asi®^SR&i^fS-rsxat, x^)v^~mA. 
s r t a j; 0 WES 1 ®asR&iiea{b$-ti-5xg t. 
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0 . 

IT n <h ici 0 WEaiieftfc:fe v^T0fS®l|gftiisaW 
l9Eaiiea=£aoT®2®:t* 

E® 2 ®a5^)R(ci3^iTtfiffiaiga^' e. ®igai$:ssff 
t>txm.t. fiJiE 

Si|gffi®#ST5«5i>&'>a<t’bl8!*Tai8t, S 
Mh. WE/13'-r:>:57$nfcS5®»2®a*R(t>IC 
*jfl;!)S0.001 -latB 9g-&SnT*D, AoSSU® 10 
ieSi{t&SifiT«&*7c**n X 1 X 1 0 

” C m- > ®«S[T^SnTV55 1: t SI^IRtTS. 

[0 0 3 0] ±E#l{3ct:feViT. » 1 i3iCXm2 ®^j* 
KtL/Ttt, «;^MIItt:/7XTCVD^^«£E*5CV 
Dffi-e/SKsnfcasdRAtfijfflsns. 

[0 0 3 1] Bff«®i|gfiiiSa»?W{cS#3-ti-5®H. 

± *) ^igatcistiiieaitfts j: '5 ic«ssfiJssfft>Tfc 
3fs®itea®«:a#3-&5®tt> 
mznhxwsi'&.^^r^xv^y^^wtmmrtiM 
J:Vi. H2 0?&63.3ft?«, KOHS23.4wt%. 

■i'JZfnnj -)V^\Z. 3ft % ®a*}i^itT®#S1i-fc 
(100)®!^* 

«^69lca#S-a-5:ii;;«tT^, *S*i:L/T (1 0 0) H 
T«fcnfcaina«a#?wfcs#s-tt « :: 

Cinti, XmX"j9^>V<D (10 0) ffitC^^T^X-;; 
^'y^v- l';)tffi®iiea®tCifc«LT[Stri*'6X*5. 

[0 0 3 2] Sfc. (N2 H4 ) 

mX<OX-j=J^'y^m^Z.tX. (1 1 1) ffl^HR 
Xv^'yif 

^7.tLX. ClFs tN! H. t<£fflVifcH74’X>y 30 
=^>if\z^^x. (1 1 1) 

4. unfetH^'i^^® (111) m\zm^xv^y 

'fV- h*tflSroil6affilCtt«UTtg;Vi*'e.Tfe^.. 

[0 0 3 3] S)t±E#l^lci3tt*x^;W:¥-®4^*' 
fctUTtt, mu*. V— !f-?t®®«, «3t®MW)»'^ 
SHn 1 aSfc«8[»:aR®;^^S®NflcS&ttS»W 
fcflJfflT-5r^:;)iT#S. mx\t. imxumov- 
■!f“)t®®it^, imow,zv-^-%mmi>z.t 
■^, u- 

^-^(om^o}Wzmm^noz.tii^x^^. *&u- 40 
^-yt<Df^t>r)\zm^^mmri(oxhx\>\ 

[0 0 3 4] 4^»#Ri;bTa3tfR?£?lJfflL. XT1V4^ 

ll5^®i!eaik£®fiT.5^*7C3RS:fiJfflT«)J:t 
mmx$>^. z^yxxcvDm^m&mcv 

D STfigR u fci^assifiR!£mi!ft t cfc o Tiieaft $■& 

6 0 0'CB(±®jaaTl 0RrW«±® 
^?!5®iiea{bS:ii(ifiT5^ 
sso-c, 4i^w®m^i!ia-c 
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[0 0 3 51 aa®iieafl:£aiST5^«7n*i:bT 
tt. xryx;wsgfc^-®S!im**a<. ^mxi>i>, s 
fc, Fe. Co, Ru. Rh. Pd. Os. I r, P 

t, cu. AuA'^stfnfc-asfcttascas®^* 

mmti>z.thxtz>, I^IC. Fe, Pd. Pt. C 

[0 0 3 6] aiiea*'e>®iisaj®g^£fTbT^:a:"c. m 
tt®®«t:¥ieat^*-a:5««ss:ttiiK«(cai»sa 

TE®^#£S»fcbTVi5««i; 

• Ra«tlf7!l<*KWlc:#aUTV^avi. 

• ;t5cR5&'l>fPT5&*®*RSfcttAny>7c*&0. 
001 ~iRT%®««-caA/rti5. 
•MR*ir;R*®K^®ixi o>‘~5xi o“R^ 
cm->®^IaE^^&^■C:fe>3. 

•»5»I®R^&1X1 0”~5X 1 0*'®Tcm-»®« 

[0 0 3 7] Sfc, «i|gad^#ftTS®«&BtSTSJ: 
20 ttCiD. ±E®mieat£;5:-B-^.««tfctt^KWlC 
ateat^*ii-Sli«fc:fett?>aR^«7C*®«*S: 1 
xi0'‘~lxi0'*M^cm->. if^L-<(ilxi0 
>«~5X1 0"®Tcm-’tT5;it)&<Tr#5. 

[003 8] 

[f^ffl] aKwica*sat£*-ii'«>xtt^KMtwaiisa 

®«icJ:oTx:^^;v4^-S4^^b;i:lc±oT. mm 

^vx. 

a<sa®®ffltcm)igatBft^^««sfct±^KMi::a 

[0 0 3 9] ^®#iBatM!S:-a:S««*fctt^RW(:; 

ii-r^ct{zi:K). mm(Dmm\zmm^^tti^x^ 

xA*>fx&. mm(Dmmzm^-r^ctmxt^. 

[0 0 4 0] ro^. miieaa*sfijfflb&rA4’xtE 

«T*x/H X mmommmmi' c 

*fc. S*®i|ga[t?£l!lfiT«.ife®7c?!l®f^ffl^L'-1f 
“3t^ajt®®W£fJfflTSCi;(cJ:0. iamizm^ii 

[0 0 4 1] -o®aieat^!a:-a:5®«SfcttSIMm 

T#fc«»®¥««i:R««. ^n^n®c*ga«t^® 
®0®HHgftt£4^%bTV^5. CCLTiieatttVid® 
B, 0 9t*V»T. ^ifeat &B«H« 
tc^i|gat^^-a:«>R«®¥ffi9 0 SlcMLTSii;^* 
l^®ieatt9 0 1®^i:&Vi5. 

[0 0 4 2] ;i®*saW®:&i^i)®ffl%li®^R:^S^^ 
50 aftm s&icB-e®;^}SfcioTa;s:s=b®tTs 




(8) 
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<1 1 l>tt*[6l'^<l 0 
Utters. 

[0 0 4 3] *gfttt®l»3©|5HiGfti:li'5©e. 09T 
^T9 0 2T^Snsftafffl;itS:V^5. z.<onmtn 

[0 0 4 4] 

T, ©0(6^1 sfcttiiRW 

[0 0 4 5] Z.Z.-H. iieSWttH-Sfcftl^HWtCl^- 10 
tvi5©tt, ^©^n©^i«;4*± 1 0 ' ©leerttA* 
fe©tUT3fe«f4. Sfc0te^;5t!^-Sit»*R«»c 
■?-©^n©^lflE*^±10'’ ©«HF^lt 
A5fe©tbTS#TS. 

[0 0 4 6] Se^jT, |SI-©m«gai:m*-ti-S««S& 

T*»©»»[h7>>?A^'&j^^i/fc«^. ^ne©s 
*fcll6a«l©«0© 

[0 0 4 7] -tl/T;i©;ii:SfiJfflt«);ii:(CJ:0. 1^ 

l»liS h 5 A^' SttSca^ 1 c>©»iUT?gJi£T5 :i 

WA«. p^^^ivmtu^^r^ivmom 
m\'y>i>7.^m^^t)^^zt\z^-:>xmm-$ni> 
CMOSSK^'f R-©jeft<fci:'e© 

5. 

[0 04 8] 

[«%^] 

C^J6«*!m ^SlJ609lt*UT«, :y5AS«±lt* 
r, *gS1tS3tlK5£J^fiEb, c:©ieftft«*IR(CA:5'- 
=.>if>s:m-rzt\z3:r), a*sata5««s;»^-r 
-&UT, #aKa*KSfi6Rb, jiD^Masjfi-rc 
icio. c:©aiisatt5&atbfcaa^fi?£fft)-a-. 
¥*gata^-a:*««*^c(3:^K«tc^*gata*-&5 

[0 0 4 9] £4T. 01 iCtiEoT. *Sli6«i!llC^-riiea 40 
ttS*IS[©f^8lIg&7R-r. ST, :y9ASfil0 1± 
KT«i*8t;5:5K{bS3!llfil 0 2 ST'^XtCVDSS 
fc«AAi/:5'^(rJ:-3T3 0 0 0 AOflISIC^K-r<5. 
r©KftS*Ktt, 

Cfc*©/'? 'J 7K t L-T«ia6f 5. 

[0 0 5 0] ^#CtC7"7XvCVDS*fc««JEESRCVD 

^C:J;oT< #asasfllfi* 1 0 0 0 A©i?$tC^Bg-r 
5. ^i^\zz(D^^mmmm<Dmm\z=zy'^)vmio4 
ZO=.y 
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^r;vK©JfS«2 0 0 AtfS. 

[0 0 5 1] -«y':r;HiS^IKUfce, 3 0 0t:~5 0 
oic, ;i£:-ctt4 5 o'C©ji«-riRfW©jDSii!iai£ff 
Vi. ->y^r;VKl 0 4i:#aKa*Rl 0 3tOim\Z 
=.y^)Viy')'( :i©liniii!!ia«. -ry 

^r;V'>UiJ-4’ HaSfiKIS-rst©©fc©T»?.©"C. 
asta*R 1 0 3;5«iiga^bb^vi 5 0 o-c£iT©a«i? 
i~2itiifiaa[©^ffi&AittTff5. (01 (A) ) 

[0 0 5 2] *)5;. jD*ffla©«;t)DHb— tf-^©fli 
mff3ZtlzJ:r), -•y^;V'>iJ-y-4’ 
feivi. ^itiamtv-^-%<r>mmmt^zt\z 
ioT, -ty'^;V->UU-4'H*&]^*J-r*©TfeJ:Vi. 

[0 0 5 3] :i»/^rJHStl 0 4t#aKa5flRl 0 3t 
©#®tcn»;'!r;V'>'j-y-^ i^aR 

SjflKl 0 3&iea{b^-a:Sfc*©llD*5i!!iaSff'5. c 
©JOiRjfflaH. 5 5 0X1. 4^0©*fl=-rff5. c©dd 
iiffla^frii. ^^7xsffi©»f»s«i;j;t3T. ■e©± 
7ii5. 5 0 o‘ce*©asT'fo«ea'fbtt^ 
ffla^W**! 0^W£(±t;S:oTbS5© 

20 

[0 0 54] Sfclra3»«ia©ftt3 0tCb— 

3S?t©iswtcioTi^aRa*Ki 0 3©*sa^bsffo 

TfeiVi. S&. V— 

#ffflT5;itttJ;03a*«-cfc«>. Sfc. v-^-%(D 
fi8«»i::l)PlR&ff5ri'b3!iaW-r*«.. Sfc. b-if 
-^^©SgWtttifl^ &3JSIw» 0 jif 1: t * 

«). 

[0 0 5 5] ±ffiDPS*J!iac<k?.iieafl:[i. -y'rlV’y 

UiJ-'f Fl©-5/^r;V'>Ut)-4‘ 

30 fTfcti.5. 

atta*R'f’©-'y^r;v««*t|fiitica< (lo^'is^ 

flcxAWAJCfiJffl-rsuttt-t^i^Vi. L;5ib. 
attttft©Tavit)©t-rs c: 

[0 0 5 6] Jof(i!iatCj:S|ga{b)6^il*Tbfc&, FP 
M ViTX ■;; Vi. X >;/ ^;VK t X u/ 

U11--1’ F?&awwtc®oi»<. FPMtt. 7yKi:;ia* 

&D0A&>b©T. 

;i©a^. x>y^r;mg*J;t]:x>> 

fcm^ntct^mmmm<D-ytr)\^m^mn<zt 

ifiXti), 

[0 0 5 7] ^IdbTiligattasllKl 0 5&#5. Z(D 
ieai4a*istt. •t-©*sait*s«nfcfe©-c*5Ab 
|«®Xs;'^;V«g!*iaVi©T?. ^-®SS-CB. 
«[cfijffl-r5;itB’r#*Vi, (01 (B) ) 

[0 0 5 8] *icA5f-x>i/^fTVi, jea^s©a 
(KTSilgatVi^) ii!S:5ft4^©«« 1 0 6 i; 1 0 7 
c:©a!K©ffi«K0.1 wm-Sk+Mm^© 
50 A€r^'tT'5. d©A^'-X>i^©AtStt. 0.1 ~5 
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sr*5. ^n\i. «iiea®#iigstt&#2>fc*Tife 
•5. C®«Jg(C:feV^T, 3 6.(CFPM {yymzm^i 
M^ftXy^^yh) ICit). Silg 

[0 0 5 9] -ebT, 0 6tl 0 7C 

«®iieatt?£i9ii65. ;i®iR, ::®ft<^®««tta/h!ft 

Coh 10 

TSfeai 0 6i;10 7tS:#2)^tj)<-r?irS. (01 
(C) ) 

[0 0 6 0] ;:®^— !f-®liW®iK. «EliWfi«*4 
5 or:~iiyy&m^i^mm<Duatr;mm^zt 
7)is®-rfc«. c®mfR®jas«ieiiv^s. 

sfit 

UT53?a«^i|4»ft*fi«p®wsi»tt£^r-r.5'b®*ffl 
8 0 01C~ 1 0 0 0'CSS®SiaTjffli»L/ 

Tt)J:K 1s.1t. Uamo)1imtLX\i. 20 

[0 0 6 1] )k\z\\:^iiits.xy9'y'f&n\\ mmmi 
0 6 1 1 0 7 

S#;S-a--5. Hs OS63.3ft?^, KOH&23.4 

wt9^. 4’V7'D/V-JPS:13.3wt5^®fi»S-&it-C?i-& 

(10 0 ) 
iieStbT (10 

0) ®T«t.nfeaiieasaK«ics#$-e-s::t«i-e 

[0 0 6 2] tit. tl^ypy (Nz H4 ) 
’ISfpX(DXy^>if>&ff^ZtX. (1 1 1) 
05(cS#$-arS-i::<»^-C#-5. Xy^>iS 

UytLT. ClFs tNz H< 

^>iflZJ:-Dr. (1 1 1) 

tiiti-^. tFyyyit (10 0) mx<Dxy9-> 
^nizmbr (i i d stc^j 
sfcffi®iieaiinc 

Mt^Xy^>HU-ht (1 1 1) 

<,>. ^VX. tFyy>&m^;^xy^>ifmyzt 40 
X. (Ill) 

[0 0 6 3] ::®J;5tUT#6n;tailSa«. XyJX 
)vm^mijfSi^Lx$>ri (bii^b. H^mi$smztx 
H. mi^W<D$,i,meib'<Jl^XXyirMtWtEbXi^ 

■5) , *fc¥iKai;a?i^5ffi«tfc«Sy!«lcJ^i|ga 

tM)^-a-^««i?a^^nTv>*®-c. «®iiga^^ic 
Il^ms0mtbxmm^it^zt1)tx€^. 

[0 0 6 4] jicKaiea^a-^Ti^fflc^asssfiai 
0 8£3 0 oA®j95fc^R-rs. c®i^ass*R® 

^8S«. :/5XTCVDS*fctt«EfSSCVDStJ;-3 50 
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Xffy. mzyy-y:f1]i^b-y(Dik^i^».ti>t. m 
Bmcvb>m^m^^ztm^b\^^. ^bx. 
mmtct\z^r>. #asa*Kio8£)ieafl:^# 
5 . 6 0 0‘c, 8i^w®jniBijia&!i-r;i<!: 

#aKajiiaio8&i8a{bsii-s. 

[0 0 6 5] coxstc:fevjT«. ansaxafes 1 0 6 
tioumtbx. z^bx. 

^ms,tM.it^^imtitmKmz^i&sbtM.isiM^ 
1 0 8 1 1 0 9 zoism^iz^ 

ViTtt. aiga 1 0 6 1 1 0 7 ®*MbTV»5i|gaffi:(i^ 
m^\i. angairist^T d oo) 

a«i 1 0 i: 1 0 9®±® 
*1 (10 0 ) m^^bith<otisii>. 

[0 0 6 6] <eafija«. aieaio6tio7®^BB 
-euT, aifeaio6d'e.® 
«ga^fii:a*eai o 7;i>6®«safiEfitJ)^^^A'0^ 
omx. ii^s>mi 1 

[0 0 6 7] iieaj*a;ji»7bfcapi®^^a^£±®*'e 

afc«7£0 2K^T. 02t^^^nTl^i5®tt. 2Z3 

®anea i o 6 1 1 o 7 &jgafiEa*<afffsa7j)i 

^StlTVi?). 02®A-A’ T?^o«:»fffi:*i0 1 
(E) 

[006 8] 01-^02®1O9-^11 0TSSn«>¥ 

a«. 4 ^gft+Mm~»Hiim@«fi(±®:*:tS®>b® 

[0 0 6 9] c;i-cas*®tt. 
t:mmt^zt\zi:t). 

[0 0 7 0] aaizaiisai 0 6ti 0 7®®5)-&x>> 
^>{f\zi^’:>xmm<, w'SLT. ^ieata*-a-4 
m*itrc\m9imzs^m^tM.i3:^^m^’S:Dyxmm. 
±\zm^t^xmmjt^, e:®gbtt> 

7.\z%^x. 

[0 0 7 1] 

m^tM.is.^^mmtrz\tmnmzm^tM.ii 
■iJyy.^m±<o^M(Dm\z3m^zt 

[0 0 7 2] trc. aiBatB;^ilr«®«2:mOI^V^t 
® U-\^-:zy^^nrcm 

xy^iv 

^^(Dmm\t. 1 X 1 0 ‘'H7~i X 1 0 ‘»iS7c 
m-», lxi0“ii7~5X10'« 

m^cm->tt^zti)^xt^, -^bx. 

Z tx. XyJX)V(DS^m(D'pl3i\,mm^mi^^lU 
y^m.t?>zti)^x^^. 

[0 0 7 3 ] mmM 2 ) 0 3 fc 5 ^-r<t 5 

0 AlS^^WilkOlV-^-^^^^blS.lfih'm^t^Zt 




(10) 
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[0 0 7 4] 

IK 3 0 2 (on<om 3 0 4 trtt, ailSS 3 0 3 

nrv^^,. 

x*«± 3 0 0 ±ic^JfiW 1 0, 

a 3 0 3 s e. tifaKa*KS:^Rfs. ^ 

bT, 

fSiltCioT. 03t^-r.t'5&ttl8€:#S. 

[0 0 7 5103 IC^f i b— y-3t®)SW 10 

x\9><^mzm^^rmff'ti><r>ii. 

*Bi3 0 2 &#*gai;a:telt-5««*tttSIKWfc¥ie 
ata7j:-ti-?.a«(c3EfiK-rs ti/tr^i>. 

[0 0 7 6] 0 3IC^5ViTtt, I2«;feffi#ir-r*fc*. 
l^aH3i3)IIK3 0 2tt— :3b;!l'S^EnTVi;iV^*^ ^-® 

»«, i^'St-rsft-cfKitnaiVi. b*'t. ^-®:&i^ 

[0 0 7 7] ¥*gatl,!i-a:5««Sfc[45?KW(cmie 

h7>i>x^'®ffitt«s®fii5-rntict^>. ^®iR, mtf& 
a 3 0 3®W5)-tt®i9K5<:it#taSTa5*. 

«K[®:>c€rSS:, £'5i:1-«.«Wh7>i^X3’®fiHtl 
iieaft®«7afc/’( 

i^-=.>iftZZit\zKi, fiH41frn«J:K 
[0 0 7 8] (*JI«i!l 3 ] 0 4 \z^ti. O 

tJ;5?4)^Ri:JPI3nfc#a!ia*ll4 0 l »r?^U 
T, -5-®ft®fi8^J4 0 3;)'6illR®b— R-3t4 0 2S: 
#a«a3KIK40 

1 £#i|gai:^;S-&-5««tfcl4SgStWIC^MSatE* 
1i'S««lc3dfi£-r5ri:?£1$at-r^>. 04lc^fR« 
lC*V^Ttt, iieafi!cfi;»^(6*5te^®»^14 0 3®95^1 

icaiiea4 o 4d^®fK$nTVJ5. Si@a4 o 4®»^ 
®ttm §lifi0ilc*bfc:^sic<fcn«4;v». 

[0 0 7 9] 04iC^f4;'5;^R«Tb— 
b*A^6ji0#t1-5<h, i|ga{k!)i»>cicffia!Oi|£<;/ioT 
vK*[^-cjtff-r^>co-c, g»wt#aKa*R4 o i 

[0 0 8 0] mi|gai:M*ii:5««*)ttt^HWtcmie 
atM7j:-a-5««?£#rc:e., 

«#iKh7>i?x^®ffii4S£)g^-rn«ivn zLo 
S5, ffl*ga4 0 4®«S^ltt®l3lS^<C:t!(l^aST*5. 

[0 0 8 1] C^J60 4) ^J60 1 

Lfc;5S£j£:fflbT, Pf-^^)m(Dmmh^>P:7.^ 

i; N 5^ -V ^AMomm K 7 >5^X ^ 

[0 0 8 2] ST, *IS{^ltC^bfc:^SK4;D, 05 
(A) t^TR«i$#S. 0 5 (A) t^TR«tt. 0 50 
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I (E) t^TRffii;0Dt?S.5. 0 5 (A) t^TR 

H&afce., mmhy'yi^X^fO 

Sttl 5 0 1 1 5 0 2 SJgfJT*. Z(Dnif--=.>ifX 

et:feviT. ansa i o e 1 1 o 7 . $ e. tisiKae# 

I I o®a«&ao»<. :intt, aiea®aatt, ^ 

aftXSK^s ViTf JIB Lfc::: -y 

vx^r), iittsmmz\t^mf)mvihx\,^zi>^it 

T*5. 

[0 0 8 3] ;i5bT»^nfca«eai:m&it2>a«t 
fc»si«Mtcaiieat^?5:-a-«>a«5 o 1 1 5 o 2 ®i^ 

5X1 0'«JI7cm 
-»KTT*D. =.y^imi-0^mtil^\Z^Mt-fSi6fS. 
V'. 

[0 0 8 4] TSIlfi0fc43l^»r«. 5 0 1 -c^snsa 
^lPS!®aa h 9 >'^x :? ®S14a S. 
Sfc. 5 0 2-C^^nsa«*iP^^^lH!®»Rf'X 

T^»(t;a*R 5 0 3 S 1 0 0 0 A®a$ ICJ^KTS. 

s h b^Ni!®a«eaa3i§a 

sasacvDiST^Kb, n^-:z>'fmtz.t\z 
so, Y'f haa5 0 4t5 0 5*i)g^sn?). (05 

(C) ) 

[0 0 8 5] Se.lCll®RffiT^n^'n®»Kh9>i^ 
xff<Dmm^up7,hxx{7xmoftmSi\z^^^x, u 
>:feSl/fTn>'®4'T>&32SI::JT%ai9-, N5"t^)W 
S!®a«h9>':^X^ (TFT) ®y-xa«5 0 6i; 
H W>a«5 0 8 t5"V^)V)^^««5 0 7 

sfc, p^x^ivmommvyy 
i^x^'®v-xa«5 1 1 tHb7>aa5 0 9 
30 1 0 tmBm^mzm^-$nz. (0 

5 (C) ) 

[0 0 8 6] ^lcS0*6»RtbTa(ka*K5 1 2 £ 

T9XTCVDii-C6 0 0 0 A®»^C;^aTS. 

t(D2amxh^x, y-xas5 1 3 15 1 6, $6. 
CHM>a«5 1 4t 5 1 5 ZZX. 

h*b4’>«S5 1 4t 5 1 5i:ttS5)asnT:feO, CM 
OSajgeafilcbTViS. ;i5bT, 0 5 (D) t^T 
^^uti7^7^}vmommhy>P7.^tP7^r^)vm 
40 <ommvyy^J7.^h^^mm\zm^\yii.mz^ni>. 

[0 0 8 7] T^iifi0t-^T«)Ssafflbfc«^, m 
a h 7>'yx;5'®«tta£miisata;^it5a«*fcB 
i^HWicaieat^i^-iisawTafigTs ;i 
®T, aiieas*'^xA-&fijfflbT«^$nfci'5> 
=j7.i> -?-bT, 

bfc h =7>=yT.i>xmmntz.mm^^ 

[0 0 8 8] 5) 0 1 KSbfcl 

m^^^\y1th<DXdb^. T*Sfi{«JlC:feViTl4, 01 

(D) t^TlSI'43V'T, ^aKaj^ai 0 8®«ffl 




( 11 ) 
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s^cjnS»i!ia£ff5^t(’<to. #®hs*rio8 
[0 0 8 9] 

*5, ^Ji«i« (Ni, Fe. Ru. Rh. Pd. P 
d, Os, I r. P t. Cu. Au^) ®i(R&. X/1 
«TH-Aii*^«¥Tfi6R-rs 
0«^. ^«KIR®¥1^JP5*15~2 0 0A. «Atfl 
0~5 0Afc'oTfc. ^®tt«tt. s,mzVimmizm lo 

®¥)^itgtt5 o~2ooAta»). 

K ^E-®tta4'eiB®*glit). 10 0-100 
oAgsv^diins. -rat3^. ^j^ri (discontmu 
ous layer) ?£)fJ^l/Tl/SV>, 1^— licontinuous filn 
;i®^MaAiiiea(b® 
m (nuclious) CCj!i'e.»»Sffi±®7t)l/ 

7rX'>'ja>')fi®i|ga«fiS:. 4 5 0-6 0 ox:®** 
jaa-efffcu*?.. 

[0 0 9 0] bJi'b, b:®S«x?tt, teaib;)*. 

ias&5 0 

-1 0 OX:ttTtf?>;ii:!(i<T€«i;!i^, iBa'fbSn&ttR 

010. 

nea^L-fc 

«^^5J;y:3j^-)V®WIS-&1>'C-'i:U 
T«#, 4#lc, P I , N I 

PI. 

N so 

U-7«aE®«llPtV'5. «®T 

8;im/8/rmOT#ISt^OTFT?£#t^3-a-S^i. :t7 
«SS)0<2^3|51 0-“ Aig«t'*-5^#’b®*l. lO-'" 
-lO-'At. 10^ -10' fS'bA^C'ioTLS 

5. 

[0 0 9 1] **JSWIC 

-tiK. ®?K (*. ^VT^ntril. 
7)V:^-}Vm 1C. 1 - 1 0 0 0 p pmf^^wictt 1 0 «> 
-loop pm®«*-e^&S?L-fc^S(b^«l^£fflV'^t) 
®TS.S. PA 

Tie, 

T. 

[0 0 9 2] (1) ttSt^*tbTN i 

=.y'rMt^<^tLr, ^{b=';/'7)k B^K-5/^JK 
Rftny 

^t;k fif£H-7'7;k «acC'y-:r;K S? 

(b->;;-7Jl/. ;?KR'fb-7-7JK n5/^r;l^7-fe9^A'7't F 

^-F. 4-->7n^4r'»FBS»-7^)K 2-X^;F 
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A+D->six»^'7;F:6'6.a«nfc. 4>!i< t % i 
fflv»5c:t*i'C€rs. Sfc. n i $. ^^aasifltx?* 
i. f;fx> 4^-71/>. izgifi(bM*. i^nn 

3|.jfa. x-xJF. hiJ7nnx5"l/>. 7D>*'?)a 
tfnfc^&<t'bl7>t. ji^UTfciK 
[0 0 9 3] (2) «!«7C*tbTFe (ft) 

»& 

feifitl/TaienTViiWilBf. WA«:^(b^Hft (Fe 
Br2 6H2 O) . :^(b®2« (FeBr , 6H2 
O) . »«»2tt (Fe (C, H, 02),iH 2 O) . « 
■fbSia (FeC I2 4H: O) . iS(bm2a (F e C 
Is 6Hs O) . 77(bH2tt (FeFs 3H2 O) . 
WRSg2» (Fe (NOs)s OHs O) . 'J>St^ia 
(Fes (P04)s 8Hz O) . U>»S2tt (F e P 
O4 2Hs O) 

•5. 

[0 0 9 4] (3) MfitTClSltUTCo (HAIFF) £ 

^®(b^«J t UTnAJF F:St LT® enTl^S^ilsf. 
a? «Aa*(b3A;H' (CoBr6Hs O) . S^RHAIF 
F (Co (Cs Hs Os)s 4 Hz O) . il(b3A;FF 
(CoClz 6Hz O) . 77(b3A')FF (CoFz x 
Hz O) . W»7A*)FF (Co (Nos)z 6 Hz O) )5' 
e.aan/i:’b®sfflv^6 c t*iTt 
[0 0 9 5] (4) MtttSatUTRu OFrX'JA) 

^®-fb-&«i t ut;vxx7 A* 1 1/T0] 

». (Rucis Hz o) 

[0 0 9 6] (5) )»«l7C?!(UTRh (D'7’?A) Srffl 

-e®(b^%i;UTni?C7Aili:L.Ta^nTV^^m 
«a|Atf:e(bn'77A (RhCls 3Hz O) 

[0 0 9 7] (6) tta(S*tbTPd (A^JJ^/A) 

Jt<D{t'^!H)thrAyi>'7AmtLr^<bnx'/^^M 
iR. {»|A«l6(bA5'77A (PdClz 2 Hz O) 

[0 0 9 8] (7) ftli»7C*tUTOs (:d-Xx7A) 

-e®(b'&«) 1 1 Tsi- X X >:7 A fc b T« e. nr Vi s « 

fi. «^AaiS(b^Xx7A (OsCls ) 

[0 099] (8) r ('f'J'77A) 

■t®(b'&#i t cTd" u '77 A:® t bra e. nrvis^i 
WA«H®(b< U '77 A ( I r C 1 3 3 Hz O) . 
ia®ft4’ 'J '77A (1 rClz ) 

50 




( 12 ) 
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[0 10 0] (9) ttsat^sRtLTP t (a^) 

(PtCl< 5H2 O) 

[0 10 1 ] (1 0 ) tt«^3RtUTCu ( ffl ) 

^0(b^ilS5tl/Tft8tlg-« (CU (CH> COO) 

2 ) > ^VC%-% (C u C 1 2 2 H2 O) , 

(cu (no3)2 3H! o) 

[0 10 2] (1 1) 

(AuCl, 1H2 O) , ifi 
(AuHC I* 4H2 O) . 

'J^7A (AuNaC 2H2 O) :S'e.l«nfc#f]®r 
[0 1 0 31 ;in5tt. 

mmm 

jpsnsftjg^fflJifcWTU 5 o~5ooiihk/^> 
(RPM) ro0te)i«T(iI(S31i:TXI:f>3-hT^. 
t , z . 

j / ij n 

8 SS 3 - lt «.& 6 , '>'J:3>i|ii»ft:^®tC5~l OOA ® 

i-sT, ?g«;)t«)g^B±(ClEiKIC^«EbTb*'5J:t 

[0 10 4] SS:. K 

( ba * R ®? S : V>>'U 3 

[0 10 5 ] ■ fe «» fi [& K ( b®^£ac so 

#tc. m 

aa («i!K) sfl(swicf^6-rics£«5-a', neafl^^ss 

•a-S J1 S LV>t>0-C*-5. 

[0 10 6 ] 

^'/y (UV) ) 

b, z.<D^mmm^uskit<Dm^ 

[0 10 7] sfc. fi®®e®i!^Txbr>3-h&-rs 
t. ^(D^m\z^tEt^mm’p(o^mm\t, affieics 
\zt-D t!2'SB(±®® 

COfcfe, note® HUSO®. 1 0 0 0-1 0 0 0 0® 
g/5), 0 0 0-5 0 0 0®te/i)t!S« 

1 - 5 1 , 

m<D9\-\zmy)mm^t^zti)^xt. ■D^-om^+^ 
\z^m^^ztfi^xt^. *)fc, 
m^m(Dm<Dmmzhmx$>^. 

[0 10 8] ¥3KifS®±Kiie 
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(coDtlnuous layer) ®ja 

unhonogenions-layer (b^ 

SfeT^atChomogeneous-layer t.1s.^> 

4 5 0-6 5 ot:-eo*isa 
(b£ffa5®. :^*fflCt)fcoT««)T*^-!S:^a^ft 

[0 10 9] -eoiie#. 

P-I^ N-I 

10 fe, ^OU-i7Hl 0 ” A®k'^;HC:A®^)-&^lttS 

tt. WAtfp- IS-&1 0 ofliJ. 9o-ioo®*n 

0 -u ~1 o-*A®'J-i/fca-3TLS5:ii;*<fc»3, 
N- iSf'&T'bl 0 0fi>t>. 5 0~7 0®)OnO-“ - 
1 0-^ AO±^fl'}~!^1imtfSi'oXhioZtifi3b 

s. Ttt. p 

-I«^100fi>t>. 5-20fi*U0-‘» -10 
-‘A. N- I gS^-Cttl 0 0®'^, 0~2fi*n0-'* 
-1 0-‘Ai:TS;it;O^T^, ?!iO'J 

[0 110] Sfc. l6»Sffi±lC*'!!i'«>4‘®^t:RS)e^ 
VX, TFT^Jgfigbfc®^. TFT*^P5^^:^i;^TF 
T (P I P) . N5"Y^)^TFT (N I N) STfe®® 

IC. 'J- 

i^*t:AfrViT F 1 - 2 ffifcTtf 5 5. 

b*^b. ■feUi:®TFTtfflV>T®R®«®Ki:-r«.K 
e, C®U-i?«®®;*;®TFT0#ftt^>®®&. ^ 
^ici/io» -1/10' 

[0 111] tit. t(IiEbfc(b^S<H^fiE:^^ltJ:0tt® 
^®=£®l)Dbfcl»*ga(b®^< 2 4 8nmSfctt3 0 8 
nm©V— 9')tS:^-®^®lC2 5 0-4 0 0mJ/cm 
' co«ST®«fsis ;i©b— 

<o^\^m.i«.x\tmz. iiga{bbfc'>U3>isicjt'<T, 
)t©KiR!»^;^tv'. fis.t>%. 
7xmi&tbxn^m.\t. %^mz\tw<<u^rz^'^ 
*- 5 . ;i©fc©, /-- tf)t 

®«-e b; ©t)T*n’S5 7^;i'7 7 
MS - a . 

40 xt. ^©««i;#ers^®s, 

«!3-a5;:t)5iT€5. t^t, ;i©ffl*±?!)^ofc«R 

T #> • 4 ^-; W © Si | g ^' Fi ' ti ^ r 3 T 4 

CS'J-7«®©*SA£#P®b, iie*tbTTFT©N 
-I^-&, P- Ig^T©:i-7®®&. 10-” -10 
At. *51-2^^^. )«>'7TFT©IS:dn 0^ 
-10«®tf2, >)-i;<^mizOTFT^l~3mtt^ 

[0 112] i:©<j;5tcbT. ®;^®'J-7S®-r*t) 
50 I o f f A*21RT!5 i'D, 'J“7A©TFT©#ft®® 




(13) 
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^n-rt>#ft-rSTFTO 
!|#14®f^±«. *»g|i©14l6l^±T. «B-C#5t>® 

*fc. n!nes(bu&'b®c^* 

bT, 

mi^fp<D4imm^:k^<fs.r)t^i>1tib, b— tfsaw^ 
bT¥##:£SB5-a:> HBa(bbTt), P-I. N- 

4>3-a-5^:t*n7#av^;:i:'b*ofc. K±®j:t*' 
e>, iiaW?i^MBJK®dlscoDtinuous layer ®)g® 
t. ^-n(tf|i5fRi|g6(b*SlcH:«bT, (b^Wft^S 
Bli®continuous layer®B^t, ■ttKCff'SBiKafb 

[0 113] (bW:5Si:bT, St(t;S;fflVi«>®T& 
<, :&JR(b^il. 1$lC^«l^)»(b^«J®§((^SCVD^ 

m» 

^7««E®m U-i'BSS® 

it^mmmi. 

Sfc, c®(b#W:& 
*Sftfi£SSS««siKWb«:&i«ii(caii5:5^ 

t, sfc. 

[0 114] lfSRa*Rl 0 8®*Mlrr:‘;/'7)l'5c3ll 
£SbTffi^a^5lw«, ±JEb«:J:5lC, ^y^)V7C 

Cl-7tt?§«KtbT«, 

[0 115] 

iiea(blC^5-StSn5SS?:TVf2.C:t*«T#. t 
R#:W(ctt. ^!6 

m 1 csf «]®ici5v>Ta, If SRS^R 1 0 8 !£iiea 
(b$-&*®l-. 6 0 0‘C®iD!R»fflf('F(C:fcViT8^W 
£(±®snBsaa)(iJi2'ST®?)«b =.<y^)V7tm^mmh 
sso-c, 4«fiffl®jaB«ia*ttt?ifafi 
mmm i o 8 z. 

[0 116] b!0>b, **Jtfi^(c^-r#^s«fflbfc« 

icisn-s < 

aoTbS^. (i£oT. BA5?n«.a®^)Pi^*®«S 

[0 117] 

*®«SS:1 X 1 0'»®Tcm-s£(Tt)aSJ;'5lC-rs 

::®«*®iissa> 
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fsst£fflv^fc«^. f§m'¥o=.y^)vmst^9im.-riz 
trn^ztn^xtz. *i3, iiesfbtciRbTa^iSf 

icSIS-rs^M^RaSiOn X l 0'‘lf^cm-’£(TT? 

feSt. fifo 

T, ^B^S7CDI». Sl^lfi't’HiSViTl X 1 0''JgT 
cm-»~l X 1 0”II^cm->®«Srr#ffi-r5J:a 

[0 118] C3^»«6) 4:RliW-ett, (10 0) m 

10 at (10 0) ®®wrsmiisai:^a-(i-«.««> 

[0 119] 0 6lcHMeflt^^ii-5iS«Sfe«*K« 
cmieatlL;5:-&Sfi«&]l^]®bfc!Kffi&^T. 0 6(C 
iJViT. 6 2*ia<gaTfes. -?-bT6Ub a^ae 
2 e. ®Ba^ac j: o Tft ^ nfc^iisa 

0 6 (A) ®A-A’ TW-3&»fffi;!l«0 6 (B) T* 

S. 

[0 12 0] 0 6t^-r#tea^^^it*««sfctt^ 
*W»w¥lgai:l,!a:1i5B«6 1 B«l«6ftB&Wb?!: 

'b®tbTasns. 

[0 12 1] 0 6l;:^■r^^^8*»5f^l^XSS£^Tlc* 

•r. ST^7 X*«±(cT«s« ( 0 Sit 1 *) tbTIMb 
(ia^-&i*) 

RTS. -5-bT, Jl®lfa«3i«R&Ri8«^llC^b«: 
Ba(bs-ti-«>. fip^, a* 
®iKa(b?£i&a-r5^ii^R-c*«>=>>^r)v->'j-t)-'f h 
£*i*ifa«a3tiiR±t::fiERb, -^^\zimvm^mt 
zt\z^*). #aHaRR?£Ba(b$ii-. -si\zn^- 
30 =.y'f>&mzt\zi:i). anea 6 2 ®5£)g)3c-r2). 

■?-bT4 5 0'C~6 0 0'C (C:®ii*®±IStt:^7X* 

«®n;g'cfts«)) \zmmvum(Dv-^-mmii 
!£ffviaisa6 2&#a. 

[0 12 2] ^^ctaaa£«^^^^l'^?lfaHa*R^® 
RU 3f^®])DBJ!ia&ftlA5::tlXJ:0, mi^a.!:^ 
a-&^.R«*fctt»K«(cmBa<l:a^1i-5R«6 1 =£ 
Jl®^^Rf£0 6 (A) t06 (B) 

[0 12 3] ^icaieae 2®ffl55)<h^llfeSI5^)tSKi 
« *b. ^iigatM^^sR«*fcttsiii«ic#iieai:^ 
a-&-5R«T&2)fi§ttl64t6 6S;ft5. Hill?. S 
lea 6 2 «> %ngm i icsi-<fc 5 (ca)H®iiga(b£i!)a 
(IlCTS:::'^'^)!') SSRSIc^Wbr 
ViS. m.-z>x. ^w,<r>n^-x.yif^n^zhx. 

z^\.x. 06 (c) 

[0 12 4] Z(Ol;iO\Z-t^ZtX, 06 (A) C6 
3, 6 4, 6 5, 6 6X^^n«>^5lC, ^i^at^Ti 
50 




( 14 ) 
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mh=7 v>. 

[0 12 5] (SIJfiM?} ^?ffllll 

[0 12 6] 07 (A) ^yT.^iS.80 1 

±(cj^^^nfc^iHiiiK7 0 2t7 0 3. 
gsicJ:rpT«gi)3nav h ij 

«7 0 4-7*S. W|Sl« 

S/|tJ^t£3nfc5ttt*5;fl7XSS&ffliSb, 0 7 
(A) ^(omzmsk&nxt 

^zt\z^-ormsk^'{ 7.zfv'{ t-r-5. 

[0 12 7] 0 7 (A) HS0 

■a--2>iB«-c«fig;snfciii)Kh5>':^x^if«fi!5b. a* 

Litmmzm^. a*iB«i’Eii-rs»Kh7>i?x 

©«#® ffl A D h y ® tt* t 

bT«, l^aHa*RS:fflVifefc®T'fe+5^(ZlSffltt*< 
^e.n-5fc«)i?i&s, i$(c. s=K{c43v»T^ffl$nTti 
«.TNi!®»tao«^tt, ¥teatcE(ft-r2.<gattsw 

®fS§a«(cH:«bT. 

€, tSoT, 

Uli6?S:«a08S&m«6aa3llSfflV>fc»R 
(cE«-r?)»iRt'7>v?x^r«^b> H*a«fcSB 
$ n5»R h 9 >i>X^' €:#a«S«B|-C«{St-* :: t 

[0 12 8] 07 (A) lZ^Sns«a0*S7 0 3®- 
lfRi£fi£Abfc0ffi& (B) 0ffl® (B) 

nrvi*®tt, ffljaiHiK®-»s:«^‘r-54’>A'-:5'iHi 
*S5(CB. r®J:9!S:4'>/'?-^B»S-^^-® 
dfiiJ 5 .g i ; T 5 «^T t ) •:3 n 

s. ;ic:-rv>9aa@*Sttt, H3RB«tcEii^ 
nfc»K 9 SW»f?.fc*®0K^'>7 h b 

'XX ^ 0K. $ e lCtt^af|i!l|lil!llK^I!ll«B^S:S9 0 
gS#®>t>T, ^n6(D^r3.<th--z>^-^tsm^<o::t 

[0 12 9] 07 (B) (C:feViT, 7 0 5T?^3tl5® 
7)t, aifea-easD. ;i®ai!sa;)*si:*tjT, 7 0 8 t 

UiS, » Kh 9 >' XX ^*^ 

fc#«satM^j:-a-5a«7 0 8tt, 

aisa7 o 5tt®t)fS5*'n 

[0 13 0] 0 7 (B) left, miigat*^*it«a«* 
fciisiia«t^iigai:^;&it5a«7 o 8 safflbT. 
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N 9 ^ V ^) V ? g ® aai ' 7 >' XX ; S '7 1 7 tP 9 "^^) l ' S ! 
®aKi'9>'Xx^'7 1 8 t&afSb, 2e.(c::ne)a 
Ki'9>'XX3'‘pfcoT, 'i y^-i'mmm^-^nr 

[0 13 1 ] 

RMicmiieai;i-?s:-B-2>a«'ft-> N9^v^;i'i!®aiR 

h 9 X'XX^' t P9"Y^)I^S®»Sg h 9 X'XX^ t® 2 
0®»KI'9X'XX;?£]^)«-r5WS^^?nTVi?). b 
;6'b« 

10 *-li:5a««^^lc)g^■r^>»K^9>'Xx^^i, mtt 
-5R-P* fcWi6;i5:»T t> o 

[0 13 2] £(TC07tS%-ra^S:f^»-r-5X'n-feX 
£08£fflt>Tift?^-r2>. 08tc^-r®»±, aaaait 
xA'-^'SKtsKiaatj^^^nsH* 
nfc»a I' 9 X'Xx^' ®f^«xat?a55. 
*^awtc*v>Ttt, nmmm^m^ti>mmhyy'y 
x3^ s¥iiea 2>««s^ttHKWic¥iieaa:i. 
a-B-«.a«safflbTa^f5. B*a«icEa 
f^»Rh9>'XX^'tt. #aSa*R«:fflV'fcfc®T 
20 a^rs. 

[0 13 3] rr, :y9xa«8 o i±cTa®K{ba 

*M8 0 2&3 0 0 0A®j|t$ta3cRT«>. ZOiJyT. 

a«8 0 1 ». mm^mm^mm-^~M(oiiy7.m 

0 , aiiea8 0 3&)g^ts. sec#aKa*W8 0 

4&5 0 0A®aSfc^f«>. (08(A)) 

[0 13 4] 'A\zmmmby-^-%<7>wmmt 
Silt(zJ:>3. a*Sa8 0 3®Bffl(C^iieai;Aft-li-S 

30 »cm^^®x+'>-7b — m 

aEK®««®^>-icb— tf-)t^H0wr6. *fc^;®b 
— if -) t ® awidRbTtt , jna ® a *&6 0 o-cfr 
•5. 6 0 o'c®a«‘rs^ffl (b— if-)t®a«tt»a 
iWT*.5) ®jp*»&ffoT<b, #aRa*a«JKa(bb 
avi®T, 0 Ba«ic:fe)t?.#aR^BiR 8 o 4 »«ga 
(bb^Vi. r®jDS»®ia*K. 1iy7.mmz^:^-yifi 

Ttt, si^wt3i*R£j)DSR-r*fc*(r, 

40 [0 13 5] C9bT, 0 8 (A) ®8 0 5®^aT7r: 

$ti-5a«£¥aatMa-a-5a«sfctt^RWKmfe 

#]a8 0 5C(^i-®a«tt#aRS*is® 
**®ttffita-3TV><5. 

[0 13 6] '^\znH'—~yi/^fi^Zt\Z^yX, ^ 

a0?stE*snsa8gi'9>''Xx^®ffitti8 o 6 1 
8 0 7S)g^t--5. 0NftH*«atSa^ns»ah 
9b'XX^®fllttl8 0 8*)g^t5. 

Ts ffittS 8 0 6 t 8 0 7 t\t. mi|gatMift-B:Sa« 
50 *&ttllHW(c¥i|gai:m-tt-S®«-e«fi6SnTV^ 




( 15 ) 



5 . tfc , 0 

5 . 

[0 13 7] h«i»RtbT«iii-ra»(ba* 

K8 0 9^1 0 0 OAfflJltSdfSRt'S. ^bXXiJ'y 
i7t7A£0.2 ■wt%^thft7AS.=.':7j:,m^Xn’i/^ 
SSfcli«^H-A3R*^lCj:t3, 6 0 0 0A®»3lC 
tSIfiU. y'fh«S8 

1 0 1 8 1 1 1 8 1 2 £®JST5. S 
*ViT. ;in^y^b«S&SI«i:bfcll#BMb£fTO 
itfcctt), hMro^HibiiaiK^bR&jgfie-r 
S. ;i5bT08 (B) 

[0 13 8] SI*. bi;xhv;^i'8oo-eN5"Y^;v 
S!®»IISh7>>?X3^&)g*KbfcV^M«?&vXi/U a 
*tp®£#4-r5^M‘»r*4B (i15d» '(■txD 
axsff5. ^:t>©axn. ^':t>aASSfc»±X'9 

0»Rh9>'XX5'tbfcV>««Sbi^XhvXi^ (0 
^it-f) T«K p'j:i->«aA-r?.. 
AXSroil^Tfill-b— (0:S^-a:-f) 
dtlbSO. ftA^n&^t>®ffitt(bi:-<^>'®aA 
(b#5««®7::i-^=&fT^. 

[0 13 9] ;i5bT, 08 (C) ic^-rs^tb. 
^^)vm0»mhy>'J7.^ (PTFT) ®y-x«« 
8 1 3i;Hb'l’>««8 1 5. 

«8 1 Sfc, N9"-\’:^)l^S!®«i*lh9 

(NTFT) OV-XfB«8 1 8tHW>« 
«8 1 6 1 7 b: 

020®»Rh7>i?X^«. ^JaHISIcSBUSn^t) 
OX. 

( c-s n - c «^ snTi > 

• 5 . 

[0 14 0 ] Sfc. H*««(CfiaS3n^»Rhx>5^ 
X^®y-X««8 19. Hb-f >*«8 2 1. 5^-\r^ 

2 0 tmmzm^^m. 

ffifi3n2>»JSh7>-XX:S'«, #SRa«R (a-s 

i) -C«^3nTV>5. 

[0 14 1 ] ; inev - x / HW >««. 

^ >®a A tC± -p 

mt. §ss^«icfft)n^. 

[0 14 2] §#lih5>>^X^®V-X/FWbfe 
i:XS7^^m^m^m^bTc^. Sm»»IS<!:bT 
S6(ba5!IK8 2 2&6 0 0 0 AOJPSKT^^XVC VD 

p ^;vs®»is h 7 >'X 

X^'®V-XSS8 2 3 tP7^r^)Vmomm\'y>i^ 
7.^ t N 5^ A' F 5 >'XX^ iw^^a® F b 

-r>«®8 2 4 tNg"Y^;^a!®^Meh5b^^x^'®v 
-X«tt8 2 5 Sfci^^tH5!l««l-Ka 

3 ns N 5" ^ ^;l/S®»K h 7 b'XX^' ® V -xs« 8 

2 6 1 F b< >ma 8 2 7 ^ne.«a«. 



^^>mx7)vs.:i'ymm/vti3mjtxm^^n 

s. 

[0 14 3] s&tHR«a^af®-rsiTo«a8 2 
SSJ^^tS. H5bT, Wi-iSy7^^±\Z. ¥*gft 

»R F 7 >>5X;S' ns#ffiSiaRR 
bfc»R F y yvx9 t&mmzm^t^ z. 
Xtz. Jl®±'5irbT. 0 7C^-T7i''T^X‘7F'J 
i7XS!«ft«SK«&«fi!cTS-:5®*«&^fieT5. 

:i3bT#enfc«^tt. anea8 0 5&fijfflbT, 2 

0 1 a&»R F 7 >-:^X:S' ^J^IEjobt fc® tas H 

T^S. 

[0 14 4] 0 8 (D) ^e>f- 

2«a®iwifii»K&)^^b, ^-®±fcEifijR&)K^-r 
S. -tbT. JJ|^-rS;y7XS«±lCjJl^«aSr)^^ 
b. ^ttOElnia&mi-S. ■=E-®aElR]Ma&ffV^fF 
Sbfc-^®^xXS«&350^n-ti:S. Satr®® 
0 ® 7 x#ffiw fc«(a=£i* A-r s zt\z 

so. 7i^x-(7TF'Ji^Xl!®«fi«^ga/'(^)F** 

[0 14 5] B 

a0K&-«^(bb;fc«)«=6tbTno. mtzay/^i/ 
Hztftnmizm^tiztTiixt^. 

[0 14 6] *^»BlcnViT«. 08®^-rS5lC. 
a<ea8 0 5&?ijfflbT. Ng^+^imtPT-A'^jFS! 
®-^^®»RF9>'XX:S'&)g^b. c:n&ffiai!ic« 
jR-rsw&^bfc. bjj'b. c:nttRi;5"^^)H!®i 
^®»MF7b-:^X^'i:bT'bSVi. tfc. 

rntp^^^jumo-Momm f 9 bi^x^' &mb. 

Jin & SfcibTilf^SS 5 IC « fi ! cbTfeSV ^. 

[0 14 7] CSIJfitf!l8] *5IJ6Wn 0 7 (A) iz^ 
-rs5*atstnviT. H*ffi««»ifiF7>'bx^'& 
jpjfflb;ftVin7'>7^®«^tbT. Ba®lS®^>-^0 
7 (B) lC^-rS7;ft¥«Sfti:£!ft1i-Sfeai4a*IK® 

[0 14 8] «a&Haw«®^^s&fft)^vi®-e*n 

tf . aa ® sTNS !®» ta « sg «■ e +^ F ^ ffl |’! 5 : s - 
t*ifil^nTV^S. BA«. X^i:»^tfB¥a0®® 
^^!&tT#n«St^«^i!®ffi«Sfi (/-Fl!®7- 
F’7D-fe7-tF-^n-Vn)F3bIfi-^') \Z\t. ST 
Ni!®»tftS^SH*^fiJffl3nTViS. b;*'b. 
«®afflcEssnsBa0*5ttt. 9\-mo\c-^m 

fflbTV>S®#<S^!K-?fcS. 

[0 14 9] J1-#tt® I C®i8S&?iJfflbfc«^. 
4^;F®J|t3j)W<:^0. -^tz.-SM^^^ii'^otls.-oX 
bS5. ^-HT. 

@l«®^>.^0 7 (B) T^-rSifctllKTa^-rsci; 
fcSoT. ijyxm±\zmsbMtmmm^^-mv 
t fc’b®tTS. zoi.y\zt^zt\zi.-oX. -Mo-^ 



—541— 




(16) 
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iS 30 

3e.catss®«iaic07 (a) ®? m 

0 2^7 0 1 0 6, 1 07 S«i> 

Sfc, «aiiIK7 0 2-?>7 0 1 0 8 #ffiSa* 

3tt, (s?)i»inm0<s«(r#L«ftsn?>®-e, ±i^om m 

10 9. no 

[0150] 

mmmM] 1 1 1 

tt?, 50 1,5 02 S141 

s lo 503 

fc, d®<i«ii, ^)9x*s±ic)g^-r5-tAi-c^ m 

S. 504,50 5 

h 'j i7XS0«aS^&ll®sa0»&?&^JxxS« 5 1 2 IM^SR 

#1C, « 5 13,516 V-X«ffi 

HIlK®^l>&<i:'b-a5&««tS»«h7>':^X^& 5 14, 515 

5dt*tT€r, «as^s«®se.S'5«»(t;^i*ii8(k 6 2 a^a 

IClf4-rs C t Ai-Ct *??»l*(cR!^-r556Mf4. 6 1, 6 3-6 6 m&tM. 

aei hy>i^7.^\zft^Mti£k9yizmmy'(-t- 

aejctt 20 701 ;9xxsig 

JE*-fe>D— KfiJffltSCtAlrtS. 7 0 2 «SHIK« 

[gIffi®flB#*K?g] « 

[ 01 ] j^)ieai;aj5:-ii-s««sfctt5mwicmiBa 703 

[0 2 ] ^)ieai:aft-&5««sfc«5iKWtcmi»a 704 mmm 

705-707 a«a 

[03] W— tf-3t®8WlCj;^T, 7 0 8-7 1 0 m&tM. 

xu^Thtm. 7 17 

[04] 1/— !f-)t®B9«icj:-DT, m<eatM;^ii 30 mmnhyyyT.^ 

7 1 8 

[ 05 ] ^iigatm&-a:5*«sfc(i«««)i'^aa 801 :97XS8 

8 0 2 (K 

8&^f0. -(bliSR) 

[ 06 ] #iigati.)ft-e-- 5 a«*fc«^KWi-^iisa 803 a*sa 

8 0 4 i^ass^i 

[0 7] 7^T^-^xh')i7xmom^mmmm(om k 

8 0 5 

[0 8] 7i/x^-:/vh'Ji7XS!®0taS^S«®« 40 

a0*s®»Kh7>':^x^tH*a«®»Rh5>';?x so 6, so 7 , sos sits 

h^nn\zm^^xm^^tm. 8 0 9 

[0 9] «8a«ii:iiga«=&'i^'C,'tLfc®8^&^«-r m 

-5fc®®0, 810,811,812 y'thVS, 

[^^®Si9^] 8 13> 8 18, 8 19 V-X®« 

10 1 5^7XSfi 8 1 4, 8 1 7,8 2 0 

1 0 2 Tim <M 

immm) 8 15,818.821 HW>iS 

1 0 3 #asass « 

n 50 8 0 0 ki^xhv 
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(17) 



«fBH¥8-3 2 1 4 6 6 
32 



8 2 8 

V-X«« 9 0 1 *Sa« 

9 0 2 ilSSttSr't' 

V-X«« 903 
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